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FIGURE 8C-2 

939 CCTGGGGGCCCAGCACAGAAAGTGGTGACACTCAATGTTACAGGAACTTC 
550 L G A Q H S K W W T L N W T G T S 

1990 CAGGAACAGAACAGGCCTACCGCTGCGGGAACACGGGGCTGGTGCTCAG 
567 R N R T G L T A A G T G L W L S 

204 CATCCTCGTCCTTGCTGCTGCTGCTGCTCTGCTGCATTACGCCAGGGCCCG 
584 L. W. L. A. A. A. A. A Hi Y A R A R 

2092 AAGGAAACCAGGAGGACTTCTGCCACTGGAACATCTAGCACAGCCAG 
6O1 R K P G G L S A T G T S S H S P S 
243 TGAGTGTCAGGAGCCTTCCTCGTCCAGGCCTTCCAGGAAGACCCTCAAGA 
618 E C Q E P S S S R P S R I D P Q E 

2.94 GCCCACTCACTCTAAACCACTAGCCCCAATGGAGCTGGAGCCAAGTACAG 
635 P T H S K P L A P M E L E P. M. Y S 

224S CAATGTAAATCCGGAGATAGCAACCCGATTATTCCCAGATCTGGAGCAT 
652 N. W N P G D S N P Y S Q I W S I 

2296 CCAGCATACAAAAGAAAACCAGCTAATGTCCAATGAGCATCAAGAGCA 
659 Q H T K E N S A N C P M M H Q E H 

23 GAGGAACTACAGCCCTACAGAACTGAAGAAGACACACCCAGACGA 
686 E E L T W L Y S E L K K T H P D D 

2398 CTCTGCAGGGGAGGCTAGCAGCAGAGGCAGGGCCCATGAAGAAGATGATGA 
703 S A G E A S S R G R A H E E D D E 

2449 AGAAAACTATGAGAATGTACCACGTGTATTACTGGCCTCAGACCACTAGCC 
720 E N Y E N W P R W L L A S D H 

2500 CCTTACCCAGAGTGGCCCACAGGAAACAGCCTGCACCATTTTTTTTTCTGT 
255. TCCTCCAACCACACATCATCCATCTCTCCAGACTCTGCCTCCTACGAGGC 
26O2 GGGCTGCAGGGTATGTGAGGCGAGCAAAAGGTCTGCAAATCTCCCCTGT 
2653 GCCTGATCTGTGTGTTCCCCAGGAAGAGAGCAGGCAGCCTCTGAGCAAGCA 
2704. CTGTGTTATTTTCACAGTGGAGACACGGGCAAGGCAGGAGGGCCCTCAGC 
2755 TCCTAGGGCGTCGAAAGAGGAGGAGAGAGAAATGGTCTAGCCAGGGTTA 
28 05 CAAGGGCACAATCATGACCATTTGATCCAAGTGTGATCGAAAGCTGTAAT 
2857 GGCTCTCTGTATAAACAATTFGCTCCAAATATETGTTTCCCTTTTTTGT 
2.908 GTGGCTGGTAGTGGCATTGCTGATGTTTTGGTGTATATGCTGTATCCTTGC 
2959 ACCATATTGGG 
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FIGURE 18D-2 

GTTCATTGGGAATATTGGCCTGAAATTTTCTTTTCCACTGTGTCTCTGCCA 
GAATGTTGTATCAGGCTGATGCTGGCTTCATAGAATGAGTTAGGCAGGAG 
CCCTTCCTCCTTGATTTTTTGGCATAGTTTCAGCAGGATTGGTACCAGTA 
TTCTTTCTGCATCTTGTAGAATTCAGCTATGAATCCATCTGGTCTAGGGCT 
TTTGTGTTGGTTGGTAAGTTTTTTATTACTAATTCAACTTCAGCGCTTGAT 
ATGGTCTAGGAGGGGTTTCTGTCTCTTCCTGGTTCAATCTTGGGAGATTG 
TGTGTTTCCAGGAATTTAGCCGTTTCCTCCAGATTTCTTCTTTATGGCA 
CGACTTGAGTGTAAACATAACTATATGCACTGGGAAACCAAAAAATCTG 
GTGACTTGCTTTATTGCAGCATTTGTTTATTTTGGTAGTCTGGAACTGA 

ACCTCCAATATCACCAAAGTATGCATATAGTTGCAAAAATGTGATTTTTGA 
CATAGTAAAATGAGTATTGCAATAAACTATGATATTACTTTTGTAAGTA 
TAAGAAAAAATGTAAAAACTATAAAA 
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FIGURE 8E-2 

GAACTAAAAC 
GTGACGTATT 
GTATCTATTA 
ATTCACAAAA 
AATTATTTT 
GGAATGCAGT 
CAAGCAA ACC 
TGCCACCAAA 
GTTTTGCCCA 
TTT 

AAAGTTACA 
TTTGTATATA 
CAGCCCCTAG 
TTTTTGAAAT 
TTTTTAAATT 
GGCACAATCT 
TCTCACCTCA 
CTTGGCCATT 
GGCTGGTCTC 

AAAAAGTTAT 
TAGGCCAACC 
AAGCTTTATA 
CGGGTAATA 
GAGACAGGGT 
TGCCTCACTG 
GCCTGCGAG 
TTTTGTCTTA 
AAACTCCGG 

TGTGACCCA 
TATACCACAT 
AATACAGTGT 
TGGTTTGAAA 
CTCACTCTGT 
CAACGCCTGC 
TAGCTGGGAC 
CGTAGAGACA 
GCTCAAGCAA 
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SOLATION OF FIVE NOVEL GENES 
CODING FOR NEW FC RECEPTORS-TYPE 

MELANOMA INVOLVED IN THE 
PATHOGENESIS OF 

LYMPHOMAAMELANOMA 

This application is a continuation of U.S. Ser. No. 09/724, 
254, filed Nov. 28, 2000, now U.S. Pat. No. 7,105,149, which 
claims benefit of U.S. Provisional Application Ser. No. 
60/168,151, filed Nov. 29, 1999, the contents of which are 
hereby incorporated by reference into the present application. 

The invention disclosed was herein made in the course of 
work under NCI Grant No. CA 44029 from the National 
Cancer Institute. Accordingly, the U.S. Government has cer 
tain rights in this invention. 

Throughout this application, various references are 
referred to in parentheses. Disclosures of these publication in 
their entireties are hereby incorporated by reference into this 
application to more fully describe the state of the art to which 
this invention pertains. Full bibliographic citation for these 
references may be found at the end of this application, pre 
ceding the claims. 

BACKGROUND OF THE INVENTION 

Abnormalities of chromosome 1 q21 are common in B cell 
malignancies, including B cell lymphoma and myeloma, but 
the genes targeted by these aberrations are largely unknown. 
By cloning the breakpoints of a to 11:14)(q21;q32) chromo 
Somal translocation in a myeloma cell line, we have identified 
two novel genes, IRTA1 and IRTA2, encoding cell surface 
receptors with homologies to the Fc and Inhibitory Receptor 
families. Both genes are normally expressed in mature B 
cells, but with different distributions in peripheral lymphoid 
organs: IRTA1 is expressed in marginal Zone B cells, while 
IRTA2 is also expressed in germinal centercentrocytes and in 
immunoblasts. As the result of the t01:14) translocation, the 
IRTA1 signal peptide is fused to the Immunoglobulin Ca 
domain to produce a chimaeric IRTA1/Ca fusion protein. In 
Multiple Myeloma and Burkitt lymphoma cell lines with 
1q21 abnormalities, IRTA2 expression is deregulated. Thus, 
IRTA1 and IRTA2 are novel immunoreceptors with a poten 
tially important role in B cell development and lymphoma 
genesis. 

B-cell Non-Hodgkin’s Lymphoma (B-NHL) and Multiple 
Myeloma (MM) represent a heterogeneous group of malig 
nancies derived from mature B cells with phenotypes corre 
sponding to pre-Germinal Center (GC) (mantle cell). GC 
(follicular, diffuse large cell, Burkitt's), or post-GC B cells 
(MM) (for review, Gaidano and Dalla-Favera, 1997; Kuppers 
et al., 1999). Insights into the pathogenesis of these malig 
nancies have been gained by the identification of recurrent 
clonal chromosomal abnormalities characteristic for specific 
disease subtypes. The common consequence of these trans 
locations is the transcriptional deregulation of protoonco 
genes by their juxtaposition to heterologous transcriptional 
regulatory elements located in the partner chromosome 
(Gaidano and Dalla-Favera, 1997). These heterologous tran 
Scriptional regulatory elements can be derived from the 
Immunoglobulin (IG) locus or from other partner chromo 
somal loci. Examples include MYC in t(8:14) (q24;q32) in 
Burkitt's lymphoma (BL) (Dalla-Favera et al., 1982; Taub et 
al., 1982), the CCND1 gene deregulated by the t011:14)(d.13; 
q32) in mantle cell lymphoma (MCL) (Rosenberg et al., 
1991) and multiple myeloma (MM) (Ronchetti et al., 1999), 
BCL2 involved in the t014:18) (q32;q21) in follicular lym 
phoma (FL) (Bakhshi et al., 1985), BCL6 int(3:14) (q27:q32) 
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in diffuse large B cell lymphoma (DLCL) (Ye et al., 1993), as 
well as FGFR3 int(4:14) (p16:q32)(Chesi et al., 1997), MAF 
int(14:16) (q32:q23) (Chesi et al., 1998) and MUM1/IRF4 in 
t(6:14) (p.25:32) (Iida et al., 1997) in multiple myeloma 
(MM). The identification of these oncogenes has offered 
valuable insights into the pathogenesis and diagnosis of their 
corresponding malignancies. 
Chromosomal abnormalities involving band 1q21-q23 are 

among the most frequent genetic lesions in both B-NHL and 
MM. Among NHL subtypes, translocation breakpoints at 
1q21-q23, including translocations and duplications, have 
been reported, often as the single chromosomal abnormality, 
in 17-20% of follicular and diffuse large B-cell lymphoma 
(DLCL), in 39% of marginal-Zone B cell lymphoma (Offit et 
al., 1991; whang-Peng et al., 1995; Cigudosa et al., 1999) and 
in 27-38% of Burkitt lymphoma, where they represent the 
second most common cytogenetic abnormality after translo 
cations involving the MYC proto-oncogene (Berger and 
Bernheim, 1985; Kornblau et al., 1991). Comparative 
genome hybridization (CGH) has also identified 1 q21-q23 as 
a recurring site for high-level amplification in 10% of DLCL 
cases (Rao et al., 1998). In MM, trisomy of the 1d21-q32 
region has been reported in 20-31% of cases (Sawyer et al., 
1995), amplification of the 1 q12-qter region in 80% of cell 
lines and 40% of primary tumors (Avet-Loiseau et al., 1997), 
and nonrandom unbalanced whole-arm translocations of 1 q, 
associated with the multiduplication of the adjacent 1 q21-22 
region, were found in 23% of patients with abnormal karyo 
types (Sawyer et al., 1998). 
The high frequency of involvement of 1d21 structural rear 

rangements in B-cell malignancies suggests that this locus 
may harbor genes critical to the pathogenesis of these dis 
eases. Cloning of a to 1:14) (q21;q32) in a pre-B cell acute 
lymphoblastic leukemia cell line previously identified a novel 
gene, BCL9 deregulated in this single case (Willis et al., 
1998), but not involved in other cases. A recent report char 
acterized the t01:22) (q22:q11) in a follicular lymphoma (FL) 
cell line and found that the FCGR2B locus, encoding the low 
affinity IgG Fc receptor FCGRIIB, was targeted in this cell 
line and in two additional FL cases (Callanan et al., 2000). 
Finally, the MUC1 locus has been identified in proximity of 
the breakpoint of a to 1:14) (q21q32) in NHL (Dyominet al., 
2000; Gilles et al., 2000), and MUC1 locus rearrangements 
have been found in 6% of NHL with 1 q21 abnormalities 
(Dyomin et al., 2000). These results highlight the heteroge 
neity of the 1q21 breakpoints and the need to identify addi 
tional candidate oncogenes situated in this locus, since the 
large majority of these alterations remain unexplained. 
The aim of this study was to further explore the architecture 

of 1 q21 chromosomal rearrangements in B cell malignancy. 
To that end, we have employed a molecular cloning approach 
of the t(1:14) (q21q32) present in the myeloma cell line FR4. 
We have identified two novel genes that are differentially 
targeted by 1g21 abnormalities. These genes code for five 
novel members of the immunoglobulin receptor family, 
IRTA1, IRTA2, IRTA3, IRTA4 and IRTA5 (Immunoglobulin 
Superfamily Receptor Translocation Associated genes 1,2,3, 
4, and 5), which may be important for normal lymphocyte 
function and B cell malignancy. 

SUMMARY OF THE INVENTION 

This invention provides an isolated nucleic acid molecule 
which encodes immunoglobulin receptor, Immunoglobulin 
superfamily Receptor Translocation Associated, IRTA, pro 
tein. 
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This invention provides a method of producing an IRTA 
polypeptide (protein) which comprises: (a) introducing a vec 
tor comprising an isolated nucleic acid which encodes an 
immunoglobulin receptor, Immunoglobulin Superfamily 
Receptor Translocation Associated, IRTA, protein into a suit 
able host cell; and (b) culturing the resulting cell so as to 
produce the polypeptide. 

This invention provides an isolated nucleic acid molecule 
comprising at least 15 contiguous nucleotides capable of 
specifically hybridizing with a unique sequence included 
within the sequence of the isolated nucleic acid molecule 
encoding IRTA protein. In an embodiment, the IRTA protein 
may be IRTA1, IRTA2, IRTA3, IRTA4 or IRTA5 protein, or 
fragment(s) thereof, having the amino acid sequence set forth 
in any of FIGS. 18A (SEQID NO:1), 18B-1-18B-3 (SEQID 
NOs:3, 41,44), 18C-1-18C-2 (SEQID NO:5), 18D-1-18D-2 
(SEQ ID NO:7) or 18E-1-18E-2 (SEQ ID NO:9), respec 
tively. 

This invention provides a method for detecting a B cell 
malignancy or a type of B cell malignancy in a sample from a 
Subject wherein the B cell malignancy comprises a 1 q21 
chromosomal rearrangement which comprises: a) obtaining 
RNA from the sample from the subject; b) contacting the 
RNA of step (a) with a nucleic acid molecule of at least 15 
contiguous nucleotides capable of specifically hybridizing 
with a unique sequence included within the sequence of an 
isolated RNA encoding human IRTA protein selected from 
the group consisting of human IRTA1 (SEQID NO:1), IRTA2 
(SEQ ID NO:44, SEQ ID NO:3 or SEQID NO:41), IRTA3 
(SEQID NO:5), IRTA4 (SEQID NO:7) and IRTA5 (SEQID 
NO:9), underconditions permitting hybridization of the RNA 
of step (a) with the nucleic acid molecule capable of specifi 
cally hybridizing with a unique sequence included within the 
sequence of an isolated RNA encoding human IRTA protein, 
wherein the nucleic acid molecule is labeled with a detectable 
marker; and c) detecting any hybridization in step (b). 
wherein detection of hybridization indicates presence of B 
cell malignancy or a type of B cell malignancy in the sample. 

This invention provides an antisense oligonucleotide hav 
ing a sequence capable of specifically hybridizing to an 
mRNA molecule encoding a human IRTA protein so as to 
prevent overexpression of the mRNA molecule. 

This invention provides a purified IRTA1 protein compris 
ing the amino acid sequence set forth in FIG. 18A (SEQ ID 
NO:1). 

This invention provides a purified IRTA2 protein compris 
ing an amino acid sequence set forth in FIGS. 18B-1-18B-3 
(SEQ ID NO:41, SEQID NO:3, SEQID NO:44). 

This invention provides a purified IRTA3 protein compris 
ing the amino acid sequence set forth in FIGS. 18C-1-18C-2 
(SEQ ID NO:5). 

This invention provides a purified IRTA4 protein compris 
ing the amino acid sequence set forth in FIGS. 18D-1-18D-2 
(SEQ ID NO: 7). 

This invention provides a purified IRTA5 protein compris 
ing the amino acid sequence set forth in FIGS. 18E-1-18E-2 
(SEQ ID NO:9). 

This invention provides an antibody/antibodies directed to 
an epitope of a purified IRTA1, IRTA2, IRTA3, IRTA4 or 
IRTA5 protein, or fragment(s) thereof, having the amino acid 
sequence set forth in any of FIGS. 18A (SEQ ID NO:1), 
18B-1-18B-3 (SEQ ID NO:44, SEQ ID NO:3 or SEQ ID 
NO:41), 18C-1-18C-2 (SEQID NO:5), 18D-1-18D-2 (SEQ 
ID NO:7) or 18E-1-18E-2 (SEQID NO:9), respectively. 

This invention provides an antibody directed to a purified 
IRTA protein selected from the group consisting of IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5 (SEQID NO:9). 

This invention provides a pharmaceutical composition 
comprising an amount of the antibody directed to an IRTA 
protein effective to bind to cancer cells expressing an IRTA 
protein selected from the group consisting of human IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 
SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5 (SEQID NO:9), so as to prevent growth of 
the cancer cells and a pharmaceutically acceptable carrier. 

This invention provides a pharmaceutical composition 
comprising an amount of any of the oligonucleotides of 
nucleic acid molecules encoding IRTA proteins described 
herein effective to prevent overexpression of a human IRTA 
protein and a pharmaceutically acceptable carrier capable. 

This invention provides a method of diagnosing B cell 
malignancy which comprises a 1 q21 chromosomal rear 
rangement in a sample from a Subject which comprises: a) 
obtaining the sample from the Subject; b) contacting the 
sample of step (a) with an antibody directed to a purified IRTA 
protein capable of specifically binding with a human IRTA 
protein selected from the group consisting of human IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 
SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5 (SEQ ID NO:9) IRTA protein on a cell 
Surface of a cancer cell under conditions permitting binding 
of the antibody with human IRTA protein on the cell surface 
of the cancer cell, wherein the antibody is labeled with a 
detectable marker, and c) detecting any binding in step (b). 
wherein detection of binding indicates a diagnosis of B cell 
malignancy in the sample. 

This invention provides a method of detecting human IRTA 
protein in a sample which comprises: a) contacting the 
sample with any of any of the above-described anti-IRTA 
antibodies under conditions permitting the formation of a 
complex between the antibody and the IRTA in the sample: 
and b) detecting the complex formed in step (a), thereby 
detecting the presence of human IRTA in the sample. 

This invention provides a method of treating a subject 
having a B cell cancer which comprises administering to the 
subject an amount of anti-IRTA antibody effective to bind to 
cancer cells expressing an IRTA protein so as to prevent 
growth of the cancer cells and a pharmaceutically acceptable 
carrier, thereby treating the Subject. 

This invention provides a method of treating a subject 
having a B cell cancer which comprises administering to the 
Subject an amount of an antisense oligonucleotide having a 
sequence capable of specifically hybridizing to an mRNA 
molecule encoding a human ITRA protein so as to prevent 
overexpression of the human IRTA protein, so as to arrest cell 
growth or induce cell death of cancer cells expressing IRTA 
protein(s) and a pharmaceutically acceptable carrier, thereby 
treating the Subject. 
The invention also provides a pharmaceutical composition 

comprising either an effective amount of any of the oligo 
nucleotides described herein and a pharmaceutically accept 
able carrier. 
The invention also provides a pharmaceutical composition 

comprising either an effective amount of an antibody directed 
against an epitope of any IRTA protein described herein and 
a pharmaceutically acceptable carrier. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-1B. Molecular cloning of the translocation tC1; 
14)(q21q32) in the FR4 multiple myeloma cell line. FIG. 
1A) Schematic representation of the WFR4B-5 and WFR4S-a 
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clones, representing der(14) and der(1) breakpoints, and of 
the germline IgH and 1 q21 loci. FIG. 1B) Nucleotide 
sequence of the breakpoint junction (SEQID NO:12) and its 
alignment to the corresponding germline regions of chromo 
some 14 (SEQID NO:13). Chr 1 is SEQID NO:11. So, IgA 
switch region; LCR: 3' IgH locus control region; B, BamHI; 
H, HindIII; X, XhoI. 

FIGS. 2A-2B. Genomic map of the 1q21 locus in the vicin 
ity of the FR4 breakpoint. FIG. 2A) Restriction endonuclease 
map and schematic representation of genomic clones, i.e. 
bacteriophages (1), P1 artificial chromosomes (PACs) (2), 
and yeast artificial chromosome (YAC) (3), spanning the 
germline liq21 locus at the FR4 breakpoint region (arrow 
head). The name of each clone is placed directly on top of its 
representation. End fragments derived from the PAC andYAC 
inserts are depicted as circles, with either an SP6/T7 vector 
orientation (PAC), or left/right arm vector orientation (YAC). 
The top panel in FIG. 1A depicts the genomic organization of 
two genes Surrounding the FR4 breakpoint. The two genes 
were identified by exon trapping of PAC 49A16. They are 
closely spaced in the genome, within s30 Kb of each other 
and are named MUM2 and MUM3 (multiple myeloma-2 and 
3). In the scheme of their genomic loci, blackboxes indicate 
coding exons, whereas white and light or medium grey boxes 
indicate non-coding exons. Connecting introns are lines. 
MUM3 (left) gives rise to three alternatively spliced mRNAs, 
all sharing a common 5' untranslated region (UTR) but 
diverse 3' UTRs (marked by different shades). Numbers 
underneath the boxes identify the order of exons in the cDNA. 
Exons less than 100 bp are depicted as thin vertical lines. The 
position and size of each exon was determined by sequencing 
of genomic PAC and phage clones and by hybridization of 
cDNA probes to endonuclease-digested clone DNA. PAC and 
YAC mapping was performed by partial digestion with rare 
cutting enzymes followed by Pulse-Field-Gel-Electrophore 
sis and hybridization to internal and end-derived probes. 
Dashed lines align regions of overlap. S. SacI; H, HindIII; S. 
Swal; Pe, PacI; P. PmeI; FIG. 2B) Genethon genetic linkage 
map of 1d21 in the region of the MUM2/MUM3 locus. 
Sequence-tagged sites (STS) are ordered in approximate dis 
tance previously determined by Dib, C., et al. (1996) Nature, 
380:162-164. STS WI-5435 (in bold) is contained within 
YAC23GC4 and PAC49A16. Parallel vertical lines represent 
interrupted segments, whose approximate size is depicted 
above in megabases (MB). Sizing was estimated by the size of 
nonchimeric YAC contigs between two markers. The BCL9 
gene at the centromere was cloned from a different to 1:14) 
(q21:q32) breakpoint by Willis T. G. et al., (1998) Blood 91, 
6:1873-1881. The FcGRIIA gene is at the 1d21-q22 chromo 
somal band border. 

FIGS. 3A-3C. MUM2 mRNA structure and expression 
pattern. FIG. 3A) Schematic representation of MUM2 
mRNA. Pattern-filled, wide boxes represent coding domains 
and narrow empty boxes represent untranslated regions. SP, 
signal peptide; EC, extracellular domain; TM, transmem 
brane domain; CYT, cytoplasmic domain; A(n), polyA tail. 
The extracellular region is composed of four immunoglobu 
lin-like domains as depicted. Alternative polyadenylation sig 
nals (arrows) generate three MUM2 mRNA species (a, b, c) 
whose length (in Kb) ranges from 2.6-3.5. FIG.3B) Northern 
blot analysis of MUM2 mRNA expression in human tissues 
of the immune system. The cDNA probe used for the analysis 
is shown as a solid bar underneath the mRNA scheme in FIG. 
3A). Each lane contains 21 g mRNA of the corresponding 
tissue. On the right side of the blot, the position of RNA 
molecular weight markers is depicted. The position of 
MUM2 and GAPDH mRNA transcripts is shown by arrows. 
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(A GAPDH probe was included in the hybridization as an 
internal control—0.15 ng labelled--50 ng unlabelled 
probe—). The results of this analysis show weak expression 
of MUM2 in lymph node and spleen. MUM2 expression was 
not detected in a variety of other human tissues (data not 
shown). FIG. 3C) Northern blot analysis of MUM2 expres 
sion in total RNA from EREB, a conditional EBV-trans 
formed B lymphoblastoid cell line. EREB carries the EBV 
genome with an EBNA2-estrogen receptor fusion protein, 
active only in the presence of estrogen. For this experiment, 
cells were grown in the presence of estrogen (1 g/ml), fol 
lowed by estrogen withdrawal for the indicated times. Upon 
estrogen withdrawal, EREB cells undergo G0/G1 arrest, 
determined by the loss of c-myc expression. In FIG. 3C, a 
Northern blot of EREB total RNA (10 ug per lane) was 
hybridized with the MUM2 cDNA probe shown in FIG. 3A 
and the GAPDH internal control probe, as in FIG.3B. Arrows 
indicate the position of the corresponding mRNAs on the 
EREB blot. a, band c correspond to the MUM2 species in 
panel FIG. 3A. The same blot was then stripped and reprobed 
with a c-myc cDNA probe (exon 2) to verify cellular G0/G1 
arrest. Quantitation of MUM2 mRNA by the use of a phos 
phorimager densitometric analysis demonstrates a 10-fold 
increase in their levels within 48 hrs of estrogen withdrawal, 
Suggesting that MUM2 expression is elevated as the cells 
enter a resting phase. 

FIGS. 4A-4B. MUM3 mRNA structure and expression 
pattern. FIG. 4A) Schematic representation of MUM3 
mRNA Pattern-filled, wide boxes represent coding domains 
and narrow empty or gray boxes represent untranslated 
regions. SP signal peptide; EC, extracellular domain; TM, 
transmembrane domain: CYT, cytoplasmic domain; A(n), 
polyA tail. The extracellular region is composed of immuno 
globulin-like domains, as depicted. Alternative splicing gen 
erates four mRNA species with diverse subcellular localiza 
tion. MUM3-a and -d proteins are secreted, whereas 
MUM3-b contains a hydrophobic stretch of amino acids at its 
C-terminus which may serve as a signal for addition of a 
glycophosphatidyl-inositol anchor (GPI-anchor), as shown. 
MUM3-c spans the plasma membrane. Sequence identity 
among species is indicated by identical filling. FIG. 4B) 
Northern blot analysis of MUM3 mRNA expression in mul 
tiple human tissues (left) and in various lymphoid and non 
lymphoid cell lines (right). The cDNA probe used is shown as 
a solid bar below the cDNA scheme in FIG. 4A. Each lane 
contains 2 ug mRNA of the corresponding tissue or cell line. 
The position of MUM3 and GAPDH mRNA transcripts is 
shown by arrows. (A GAPDH probe was included in the 
hybridization as an internal control as described in FIG. 3)a, 
b, c and d correspond to the MUM3 mRNA species shown in 
FIG. 4A. RD, NC42 and CB33, Epstein-Barr virus trans 
formed Blymphoblastoid cell lines; EREB, conditional EBV 
transformed B lymphoblastoid cell line; FR4, plasma cell 
line; MOLT4 and HUT78, T cell lines; HL60 and U937, 
myelomonocytic cell lines; K562, erythroid cell line. The 
results suggest that MUM3 is expressed solely in the immune 
system tissues of bone marrow, lymph and spleen and in 
particular in B cells with a lymphoblastoid phenotype. 

FIG. 5. Nucleotide and amino acid sequence of human 
MUM2 (SEQ ID NO:14 and SEQ ID NO:15, respectively). 
The deduced amino acid sequence is shown above the nucle 
otide sequence in one-letter code and is numbered on the 
right, with position 1 set to the first codon of the signal 
peptide. The predicted signal peptidase site was derived by a 
computer algorithm described in Nielsen et al., Protein Engi 
neering 10, 1-6 (1997) and is marked by an arrowhead. The 
polyadenylation signal AATAAA is underlined. Potential 
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sites for N-glycosylation are also underlined in the amino 
acid sequence. A hydrophobic stretch of 16 amino acids pre 
dicted to span the plasma membrane is doubly underlined. 
Consensus SH2-binding sites are highlighted by a wavy 
underline. 

FIG. 6A. Nucleotide and amino acid sequence of human 
MUM3-a (SEQID NO:16 and SEQID NO:17, respectively). 
The deduced amino acid sequence is shown above the nucle 
otide sequence in one-letter code and is numbered on the 
right, with position 1 set to the first codon of the signal 
peptide. The predicted site for signal peptidase cleavage was 
derived as previously stated above and is marked by an arrow 
head. The polyadenylation signal ATTAAA is underlined. 
Potential sites for N-glycosylation are also underlined in the 
amino acid sequence. The protein lacks a transmembrane 
domain and is predicted to be secreted. 

FIG. 6B. Nucleotide and amino acid sequence of human 
MUM3-b (SEQID NO: 18 and SEQID NO:19, respectively). 
The deduced amino acid sequence is shown above the nucle 
otide sequence in one-letter code and is numbered on the 
right, with position 1 set to the first codon of the signal 
peptide. The predicted site for signal peptidase cleavage was 
derived as previously stated above and is marked by an arrow 
head. The polyadenylation signal AATAAA is underlined. 
Potential sites for N-glycosylation are underlined in the 
amino acid sequence. 

FIGS. 6C-1-6C-2. Nucleotide and amino acid sequence of 
human MUM3-c (SEQ ID NO:20 and SEQ ID NO:21, 
respectively). The deduced amino acid sequence is shown 
above the nucleotide sequence in one-letter code and is num 
bered on the right, with position 1 set to the first codon of the 
signal peptide. The predicted site for signal peptidase cleav 
age was derived as previously stated above and is marked by 
an arrowhead. The polyadenylation signal AATAAA is 
underlined. Potential sites for N-glycosylation are underlined 
in the amino acid sequence. A hydrophobic stretch of 23 
amino acids predicted to span the plasma membrane is doubly 
underlined. Consensus SH2-binding sites are highlighted by 
a wavy underline. 

FIGS. 7A-7C, tC1:14)(q21:32) in FR4 generates a MUM2/ 
Cafusion transcript. (FIG. 7A) Schematic representation of 
ther der(14) genomic clone FR4B-5 and of the germline 
IgHA1 locus. The FR4 breakpoint is marked by an arrow. 
Filled and open boxes represent the MUM2 and Calpha cod 
ing and non-coding exons respectively. The position of the 
MUM2 exon 1 probe used for Northern blot analysis is shown 
by a bar. (FIG.7B)Northern blot analysis with a MUM2 exon 
1 probe on FR4 and additional cell lines detects an abnormal 
message of 0.8 Kb, selectively in FR4. Arrowheads point to 
the location of normal MUM2 message in EREB mRNA. 
JJN3 and U266, myeloma cell lines; EREB, conditional EBV 
transformed B lymphoblastoid cell line. Two ug of polyA+ 
RNA were loaded per lane. (FIG. 7C) Nucleotide and amino 
acid sequence of the MUM2-Cafusion cDNA in FR4 (SEQ 
ID NO:23 and SEQID NO:22, respectively). The cDNA was 
amplified by RT-PCR from FR4 total RNA using the primers 
shown in FIG. 7A, and was subsequently subcloned and 
sequenced. The deduced amino acid sequence is shown above 
the nucleotide sequence in one-letter code and is numbered 
on the right with position 1 set to the first codon of the signal 
peptide. The predicted site for signal peptidase cleavage was 
derived as previously stated above and is marked by an arrow 
head. The polyadenylation signal AATAAA is underlined. 
The Calpha transmembrane domain is underlined. The 
MUM2 portion of the cDNA is shown on italics. H. HindIII: 
B. BamHI; X, XhoI; SO, IgA switch region: EC, extracellular 
region; TM, transmembrane; CYT, cytoplasmic domain. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
FIGS. 8A-8C. Molecular cloning of the translocation tC1; 

14)(q21q32) in the FR4 multiple myeloma cell line. (FIG. 
8A) Schematic representation of the phage clones represent 
ing der(14) and der(1) breakpoints and the germline IGHand 
1q21 loci. Chromosome 14 sequences are indicated by a solid 
black line with black boxes representing Cal exons. Chro 
mosome 1 sequences are shown as a grey line. The probes 
used for chromosomal mapping are indicated below the map. 
Restriction enzyme codes are: B, BamHI; H, HindIII; X, 
XhoI; S, SacI; E, EcoRI. For enzymes marked by (*) only 
sites delineating the probes are shown. Sa: IgA Switch region; 
LCR: 3'IgH locus control region. (FIG. 8B) Nucleotide 
sequence of the breakpoint junctions (SEQ ID NO:25 and 
SEQ ID NO:27) and their alignment to the corresponding 
germline regions of chromosomes 14 and 1 (SEQID NO:24 
and SEQ ID NO:26, respectively). (FIG. 8C) Left, fluores 
cence in situ hybridization (FISH) analysis on human normal 
metaphase spreads with the PAC clone 49A16 (FIG. 13) 
spanning the germline1q21 region at the FR4 breakpoint. 
Right, DAPI stained image from the same metaphase spread. 

FIGS. 9A-9B. Structure of IRTA1 and IRTA2 cDNAS. 
FIGS. 9A9B) Schematic representation of the full-length 
IRTA1 (FIG. 9A) and IRTA2 (FIG. 9B) clDNAs. Pattern 
filled, wide boxes represent coding domains and narrow 
boxes represent untranslated regions (UTR). The predicted 
site for signal peptidase cleavage is marked by an arrowhead 
and was derived according to the Signal IP World Wide Web 
server at http://www.cbs.dtu.dk/services/Signal IP. The trans 
membrane domain prediction algorithm is described in Tus 
nady et al., 1998. SP signal peptide; EC, extracellular domain; 
Ig, immuno-globulin-type; TM, transmembrane domain; 
CYT, cytoplasmic domain; A(n), polyA tail; GPI, glycoph 
osphatidyl inositol. In (FIG.9A), arrows in the 3' UTR indi 
cate different polyadenylation addition sites utilized in the 
IRTA1 cDNA. In (FIG. 9B), different 3'UTR regions in 
IRTA2 isoforms are differentially shaded. Bars underneath 
the UTR regions in (FIG.9A) and (FIG. 9B) identify probes 
used for Northern blot analysis in FIG. 12. 

FIGS. 10A-10B. Comparison of the amino acid sequences 
of IRTA1 (SEQID NO:32) and IRTA2 (SEQID NO:33) with 
members of the Fc Receptor family (FIG. 10A) Multiple 
sequence alignment of the first two (top) and the third (bot 
tom) extracellular Ig-domains of IRTA1 and IRTA2 to Fc 
receptor family members: FCGRIIA (SEQ ID NO:28), 
FCGRIIIA (SEQID NO:29), FCERIA (SEQID NO:30), and 
FCGRIA (SEQ ID NO:31). The sequences were compared 
using the ClustalW program (Thompson et al., 1994). Black 
shaded boxes indicate conserved amino acid among all 
sequences; dark-grey shaded boxes indicate conserved amino 
acid among at least half of the sequences; light-shaded boxes 
indicate conservative substitutions. (FIG. 10B) Alignment of 
the SH2-binding domains of IRTA1 (SEQ ID NO:35) and 
IRTA2 (SEQID NO:37) with the ITAM (SEQID NO:34) and 
ITIM (SEQID NO:39) consensus motifs. Conserved amino 
acid positions are in bold. BGP is SEQ ID NO:38 and 
PECAM is SEQID NO:36. Symbol X represents any amino 
acid. 

FIGS. 11A-11B-4. IRTA1 expression pattern. FIG. 11A) 
Left panel. Northern blot analysis of IRTA1 mRNA expres 
sion in tissues of the human immune system. Each lane con 
tains 2 mg mRNA. The position of RNA molecular weight 
markers is depicted on the right side of the blot. The positions 
of the IRTA1 and GAPDH mRNA transcripts are shown by 
arrows. (A GAPDH probe was included in the hybridization 
as an internal control—0.15 ng labelled--50 ng unlabelled 
probe ). Right Panel. Northern blot analysis of IRTA1 
expression in total RNA from the ER/EB cell line (10 mg per 
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lane). For this experiment, cells were grown in the presence of 
estrogen (1 mg/ml), followed by estrogen withdrawal for the 
indicated times. Arrows indicate the positions of the corre 
sponding mRNAs. a, b and c correspond to the IRTA1 differ 
entially polyadenylated species. The same blot was stripped 
and reprobed with a MYC cDNA probe (exon 2) to verify 
cellular Go/G arrest. Densitometric analysis of IRTA1 
mRNA levels is plotted in the adjacent column graph. The 
cDNA probe used is shown as a solid bar underneath the 
IRTA1 mRNA scheme in FIG.9A. FIG. 11B-1-11B-4) In situ 
hybridization analysis of IRTA1 expression in serial sections 
of human tonsil. 1. Sense IRTA 1 probe 2. Antisense IRTA1 
probe 3. H&E staining 4. Antisense IRTA 1 signal superim 
posed over an H&E stained section. GC, germinal center, 
MargZ, marginal Zone 

FIG. 12A-12B-4. IRTA2 expression pattern. FIG. 12A) 
Northern blot analysis of IRTA2 mRNA expression in mul 
tiple human tissues (left panel) and in various lymphoid and 
non-lymphoid cell lines (right panel). Each lane contains 2 
mg mRNA. The positions of the IRTA2 and GAPDH tran 
Scripts are shown by arrows. a, b, c and d correspond to the 
alternatively spliced IRTA2 mRNA isoforms. RD, NC42 and 
CB33, Epstein-Barr virus transformed B lymphoblastoid cell 
lines; EREB, conditional EBV-transformed B lymphoblas 
toid cell line: FR4, plasma cell line: MOLT4 and HUT78, T 
cell lines; HL60 and U937, myelomonocytic cell lines; K562, 
erythroid cell line. The cDNA probe used is shown as a solid 
bar underneath the IRTA2 mRNA scheme in FIG.9B. FIGS. 
12B-1-12B-4) In situ hybridization analysis of IRTA2 mRNA 
expression in human tonsil. FIG.12B-1. Sense IRTA2 cl DNA 
probe, FIG.12B-2. Antisense IRTA2 cDNA probe, FIG.12B 
3. H&E staining, FIG.12B-4. Antisense IRTA2 cDNA probe 
signal Superimposed over H&E stained section. GC, germinal 
center, MargZ, marginal Zone 

FIG. 13. Map of the germline 1q21 region spanning the 
FR4 breakpoint and genomic organization of IRTA1 and 
IRTA2. Primers used to amplify IRTA1 exons from spleen 
cDNA are marked by arrowheads on top panel. Black and 
light boxes indicate coding and non-coding exons respec 
tively. Arrows indicate position of BCL9, MUC1, IRTA fam 
ily and FCGRIIB loci. S. SacI; H, HindIII; S, Swal; Pc, PacI: 
P. PmeI: Mb, Megabases 

FIGS. 14A-14D. tG1:14) (q21q32) in FR4 generates an 
IRTA1/Co. fusion transcript. FIG. 14A) Schematic represen 
tation of the der(14) genomic clone lFR4B-5 and of the ger 
mline IgCo. locus. The FR4 breakpoint is marked by an 
arrow. Filled and open boxes represent the IRTA1 and Ca 
coding and non-coding exons respectively. FIG. 14B) North 
ern blot analysis with an IRTA1 exon 1 probe (shown by a bar 
in FIG. 14A) on FR4 and additional cell lines detects an 
abnormal message in FR4. Arrowheads point to the location 
of normal IRTA1 message in ER/EB mRNA.JJN3 and U266, 
myeloma cell lines. Two mg of poly A+ RNA loaded per lane. 
FIG. 14C) Schematic representation of the IRTA1/Co. fusion 
cDNA in FR4. The cDNA was amplified by RT-PCR from 
FR4 total RNA using the primers shown in (FIG. 14A), and 
sequenced after subcloning. FIG. 14D) SDS/PAGE analysis 
of immunoprecipitates obtained from vector control trans 
fected and IRTA1/CC. transient expression construct trans 
fected 293-T cells (lanes 1 & 2), or the following cell lines: 
mIgA positive lymphoblastoid cell line-Dakiki (lane 3), FR4 
(lane 4), mIgM positive NHL cell line-Ramos (lane 5). H. 
HindIII; B, BamHI; X, XhoI; Sa, IgA switch region; EC, 
extracellular region; TM, transmembrane; CYT, cytoplasmic 

FIGS. 15A-15B. IRTA2 expression is deregulated in cell 
lines carrying 1 q21 abnormalities. FIGS. 15A, 15B) Northern 
blot analysis of IRTA2 mRNA expression in Burkitt lym 
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phoma (FIG. 15A) and Multiple Myeloma (FIG. 15B) cell 
lines. The cDNA probe used is the same as in FIG. 12. Each 
lane contains 2 mg mRNA. The positions of the IRTA2 and 
GAPDH mRNA transcripts are shown by dashes and arrows, 
respectively. The relative levels of IRTA2 mRNA expression 
in the left panel (FIG. 15A) were plotted on the right panel 
(FIG. 15A) after densitometric analysis and normalization 
versus the GAPDH levels. The right panel of (FIG. 15B) is a 
summary of the Northern blot analysis results. 

FIGS. 16-1-16-4 IRTA1 expression in normal lymphoid 
tissue. Paraffin-embedded sections from normal human tonsil 
were stained with the following antibodies: FIG.16-1) Nega 
tive control; FIG. 16-2) anti-CD3 mouse monoclonal to 
detect T cells: FIG. 16-3) anti-IRTA1 (mIRTA) mouse mono 
clonal: FIG. 16-4) anti-IRTAL (J92884K) rabbit polyclonal. 
IRTA1 positive cells are located in the perifollicular and 
intraepithelial region of the tonsil, the equivalent of the mar 
ginal Zone in the spleen. 

FIG. 17 IRTA1 expression in a stomach Mucosa-Associ 
ated-Lymphoid Tissue (MALT) B cell lymphoma. A paraffin 
embedded section from a stomach MALT B cell lymphoma 
was stained with the anti-IRTA1 (mIRTA) mouse monoclonal 
antibody and counterstained with H&E. The majority of 
MALT lymphomas analyzed were IRTA1 positive. This anti 
body therefore can be an effective tool in the differential 
diagnosis of MALT lymphoma. The mIRTA1 antibody may 
also be proven useful in the therapy of this B cell tumor, 
similarly to the use of the anti-CD20 antibody (Rituximab) in 
the therapy of relapsed CD20-positive lymphomas (Foon K., 
Cancer J. 6: p273). 

FIG. 18A. IRTA1 cDNA (SEQ ID NO:2) and the amino 
acid sequence (SEQID NO: 1) of the encoded IRTA1 protein. 

FIGS. 18B-1-18B-3. IRTA2 clDNA (2a, SEQ ID NO:43: 
2b, SEQ ID NO:4; 2c, SEQID NO:40) and the amino acid 
sequence (2a, SEQID NO:44; 2b, SEQID NO:3:2c, SEQID 
NO:41) of the encoded IRTA2 protein. 

FIGS. 18C-1-18C-2. IRTA3 clNA (SEQID NO:6) and the 
amino acid sequence (SEQID NO:5) of the encoded IRTA3 
protein. 

FIGS. 18D-1-18D-2. IRTA4 cDNA (SEQ ID NO:8) and 
the amino acid sequence (SEQ ID NO:7) of the encoded 
IRTA4 protein. 

FIGS. 18E-1-18E-2. IRTA5 cDNA (SEQ ID NO:10) and 
the amino acid sequence (SEQ ID NO:9) of the encoded 
IRTA5 protein. 

DETAILED DESCRIPTION OF THE INVENTION 

The following standard abbreviations are used throughout 
the specification to indicate specific nucleotides: C-cytosine; 
A adenosine: T-thymidine and G-guanosine. 

This invention provides an isolated nucleic acid molecule 
which encodes immunoglobulin receptor, Immunoglobulin 
superfamily Receptor Translocation Associated, IRTA, pro 
tein. 
As used herein “Immunoglobulin Receptor Translocation 

Associated genes, “IRTA are nucleic acid molecules which 
encode novel immunoglobulin Superfamily cell Surface 
receptors in B cells which are important in B cell develop 
ment, and whose abnormal expression, e.g. deregulated 
expression, perturbs cell Surface B cell immunological 
responses and thus is involved in B cell malignancy, including 
lymphomagenesis. 

Nucleic acid molecules encoding proteins designate 
“MUM-2 (SEQID NO:15) and “MUM-3” (SEQID NO:17, 
SEQID NO:19 or SEQID NO:4) proteins in the First Series 
of Experiments are now called “IRTA-1’ and “IRTA-2 
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genes, i.e. nucleic acid molecules which encode IRTA-1 
(SEQID NO:1) and IRTA-2 (SEQID NO:44, SEQID NO:3 
or SEQ ID NO:41) proteins respectively. IRTA-3 (SEQ ID 
NO:5), -4 (SEQID NO:7) and -5 (SEQID NO:9) proteins are 
members of the same the immunoglobulin gene Superfamily 
as are the IRTA-1 and IRTA-2 proteins. 

In an embodiment of the above-described isolated nucleic 
acid molecule which encodes immunoglobulin receptor, 
Immunoglobulin Superfamily Receptor Translocation Asso 
ciated, IRTA, protein, the encoded IRTA protein is IRTA1 
protein comprising the amino acid sequence set forth in FIG. 
18A (SEQID NO:1). 

In another embodiment of the above-described isolated 
nucleic acid molecule, the encoded IRTA protein is IRTA2 
protein comprising the amino acid sequence set forth in FIGS. 
18B-1-18B-3 (SEQ ID NO:44: SEQ ID NO:3: SEQ ID 
NO:41). 

In a further embodiment of the above-described isolated 
nucleic acid molecule, the encoded IRTA protein is IRTA3 
protein comprising the amino acid sequence set forth in FIGS. 
18C-1-18C-2 (SEQID NO:5). 

In yet another embodiment of the above-described isolated 
nucleic acid molecule, the encoded IRTA protein is IRTA4 
protein comprising the amino acid sequence set forth in FIGS. 
18D-1-18D-2 (SEQ ID NO: 7). 

In a still further embodiment of the above-described iso 
lated nucleic acid molecule, the encoded IRTA protein is 
IRTA5 protein comprising the amino acid sequence set forth 
in FIGS. 18E-1-18E-2 (SEQ ID NO: 9). 

In another embodiment of any of the above-described iso 
lated nucleic acid molecules, the nucleic acid molecule is 
DNA. In further embodiments, the DNA is cDNA. In addi 
tional embodiments, the DNA is genomic DNA. In another 
embodiment, the nucleic acid molecule is an RNA molecule. 
In yet another embodiment, the DNA molecule is cloNA 
having the nucleotide sequence set forth in FIG. 18A (SEQID 
NO:2). In another embodiment, the DNA molecule is clNA 
having the nucleotide sequence set forth in FIG. 18B (SEQID 
NO:43: SEQID NO:4: SEQID NO:40). In a further embodi 
ment, the DNA molecule is cloNA having the nucleotide 
sequence set forth in FIG. 18C (SEQ ID NO:6). In another 
embodiment, the DNA molecule is cDNA having the nucle 
otide sequence set forth in FIG. 18D (SEQ ID NO:8). In an 
embodiment, the DNA molecule is cDNA having the nucle 
otide sequence set forth in FIG. 18.E (SEQ ID NO:10). In 
preferred embodiments of the isolated nucleic acid molecule, 
wherein the nucleic acid molecules encode human IRTA1, 
IRTA2, IRTA3, IRTA4 or IRTA5 protein. In additional 
embodiments, the nucleic acid molecules encode mammalian 
IRTA1 protein. The mammalian IRTA 1 protein may be 
murine IRTA1 protein. In another preferred embodiment, the 
isolated nucleic acid molecules are operatively linked to a 
promoter of DNA transcription. In yet another preferred 
embodiment of the isolated nucleic acid molecule, the pro 
moter comprises a bacterial, yeast, insect, plant or mamma 
lian promoter. 

This invention provides a vector comprising any of the 
above-described isolated nucleic acid molecule encoding 
IRTA proteins, including but not limited to mammalian IRTA 
proteins, of which human and murine are preferred. In an 
embodiment, the vector is a plasmid. 

This invention provides a host cell comprising the above 
described vector comprising any of the above-described iso 
lated nucleic acid molecule encoding IRTA proteins. Prefer 
ably, the isolated nucleic acid molecules in Such vectors are 
operatively linked to a promoter of DNA transcription. In 
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another embodiment of the host cell, the cell is selected from 
a group consisting of a bacterial cell, a plant cell, and insect 
cell and a mammalian cell. 

This invention provides a method of producing an IRTA 
polypeptide (protein) which comprises: (a) introducing a vec 
tor comprising an isolated nucleic acid which encodes an 
immunoglobulin receptor, Immunoglobulin Superfamily 
Receptor Translocation Associated, IRTA, protein into a suit 
able host cell; and (b) culturing the resulting cell so as to 
produce the polypeptide. In further embodiments, the IRTA 
protein produced by the above-described method may be 
recovered and in a still further embodiment, may be purified 
either wholly or partially. In an embodiment the IRTA protein 
may be any of IRTA1 (SEQ ID NO:1), IRTA2 (SEQ ID 
NO:44, SEQ ID NO:3 or SEQ ID NO:41), IRTA3 (SEQ ID 
NO:5), IRTA4 (SEQID NO:7) and IRTA5 (SEQ ID NO:9) 
protein. In further embodiments, any of the IRTA proteins 
may be mammalian proteins. Instill further embodiments, the 
mammalian proteins may be human or mouse IRTA proteins. 
IRTA genes, nucleic acid molecules encoding IRTA pro 

teins IRTA1 (SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQ 
ID NO:3 or SEQID NO:41), IRTA3 (SEQID NO:5), IRTA4 
(SEQID NO:7) and IRTA5 (SEQID NO:9), are useful for the 
production of the IRTA proteins encoded thereby. IRTA pro 
teins are useful for production of antibodies; such antibodies 
are used as reagents for differential diagnosis of lymphoma 
Subtypes in hematopathology. Antibodies directed against 
IRTA proteins and which bind specifically to IRTA proteins 
also have therapeutic uses, i.e. to specifically target tumor 
cells, which may be used and administered similarly to “Rit 
uximab' (an anti-CD20 antibody), which is an antibody 
approved by the FDA for therapy of relapsed CD20-positive 
lymphomas (Foon K., Cancer J. 6(5):273). Anti-IRTA1, anti 
IRTA2, anti-IRTA3, anti-IRTA4 and anti-IRTA5 antibodies 
are also useful markers for isolation of specific subsets of B 
cells in research studies of normal and tumor B cell biology. 
Moreover, anti-IRTA1, anti-IRTA2, anti-IRTA3, anti-IRTA4 
and anti-IRTA5 antibodies are useful research reagents to 
experimentally study the biology of signaling in normal and 
tumor B cells. 

Methods of introducing nucleic acid molecules into cells 
are well known to those of skill in the art. Such methods 
include, for example, the use of viral vectors and calcium 
phosphate co-precipitation. Accordingly, nucleic acid mol 
ecules encoding IRTA proteins IRTA1 (SEQ ID NO:1), 
IRTA2 (SEQ ID NO:44, SEQID NO:3 or SEQID NO:41), 
IRTA3 (SEQ ID NO:5), IRTA4 (SEQID NO:7) and IRTA5 
(SEQID NO:9) may be introduced into cells for the produc 
tion of these IRTA proteins. 
Numerous vectors for expressing the inventive proteins 

IRTA1, IRTA2, IRTA3, IRTA4, and IRTA5, may be 
employed. Such vectors, including plasmid vectors, cosmid 
vectors, bacteriophage vectors and other viruses, are well 
known in the art. For example, one class of vectors utilizes 
DNA elements which are derived from animal viruses such as 
bovine papilloma virus, polyomavirus, adenovirus, vaccinia 
virus, baculovirus, retroviruses (RSV. MMTV or MOMLV), 
Semliki Forest virus or SV40 virus. Additionally, cells which 
have stably integrated the DNA into their chromosomes may 
be selected by introducing one or more markers which allow 
for the selection of transfected host cells. The markers may 
provide, for example, prototrophy to an auxotrophic host, 
biocide resistance or resistance to heavy metals such as cop 
per. The selectable marker gene can be either directly linked 
to the DNA sequences to be expressed, or introduced into the 
same cell by cotransformation. 
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Regulatory elements required for expression include pro 
moter sequences to bind RNA polymerase and transcription 
initiation sequences for ribosome binding. Additional ele 
ments may also be needed for optimal synthesis of mRNA. 
These additional elements may include splice signals, as well 
as enhancers and termination signals. For example, a bacterial 
expression vector includes a promoter Such as the lac pro 
moter and for transcription initiation the Shine-Dalgarno 
sequence and the start codon AUG. Similarly, a eukaryotic 
expression vector includes a heterologous or homologous 
promoter for RNA polymerase II, a downstream polyadeny 
lation signal, the start codon AUG, and a termination codon 
for detachment of the ribosome. Such vectors may be 
obtained commercially or assembled from the sequences 
described by methods well known in the art, for example the 
methods described above for constructing vectors in general. 

These vectors may be introduced into a suitable host cell to 
form a host vector System for producing the inventive pro 
teins. Methods of making host vector Systems are well known 
to those skilled in the art. 

Suitable host cells include, but are not limited to, bacterial 
cells (including gram positive cells), yeast cells, fungal cells, 
insect cells and animal cells. Suitable animal cells include, 
but are not limited to HeLa cells, Cos cells, CV1 cells and 
various primary mammalian cells. Numerous mammalian 
cells may be used as hosts, including, but not limited to, the 
mouse fibroblast cell NIH-3T3 cells, CHO cells, HeLa cells, 
Ltk cells and COS cells. Mammalian cells may be trans 
fected by methods well known in the art such as calcium 
phosphate precipitation, electroporation and microinjection. 

This invention provides an isolated nucleic acid molecule 
comprising at least 15 contiguous nucleotides capable of 
specifically hybridizing with a unique sequence included 
within the sequence of the isolated nucleic acid molecule 
encoding IRTA protein. In an embodiment, the IRTA protein 
may be IRTA1, IRTA2, IRTA3, IRTA4 or IRTA5 protein, or 
fragment(s) thereof, having the amino acid sequence set forth 
in any of FIGS. 18A (SEQID NO:1), 18B-1-18B-3 (SEQID 
NO:44, SEQ ID NO:3 or SEQ ID NO:41), 18C-1-18C-2 
(SEQ ID NO:5), 18D-1-18D-2 (SEQ ID NO:7) or 18E-1- 
18E-2 (SEQ ID NO:9), respectively. In other embodiments, 
the isolated nucleic acid molecules are labeled with a detect 
able marker. In still other embodiments of the isolated nucleic 
acid molecules, the detectable marker is selected from the 
group consisting of a radioactive isotope, enzyme, dye, 
biotin, a fluorescent label or a chemiluminescent label. 

This invention provides a method for detecting a B cell 
malignancy or a type of B cell malignancy in a sample from a 
Subject wherein the B cell malignancy comprises a 1 q21 
chromosomal rearrangement which comprises: a) obtaining 
RNA from the sample from the subject; b) contacting the 
RNA of step (a) with a nucleic acid molecule of at least 15 
contiguous nucleotides capable of specifically hybridizing 
with a unique sequence included within the sequence of an 
isolated RNA encoding human IRTA protein selected from 
the group consisting of human IRTA1, IRTA2, IRTA3, IRTA4 
and IRTA5, under conditions permitting hybridization of the 
RNA of step (a) with the nucleic acid molecule capable of 
specifically hybridizing with a unique sequence included 
within the sequence of an isolated RNA encoding human 
IRTA protein, wherein the nucleic acid molecule is labeled 
with a detectable marker, and c) detecting any hybridization 
in step (b), wherein detection of hybridization indicates pres 
ence of B cell malignancy or a type of B cell malignancy in the 
sample. 

Detection of hybridization of RNA encoding IRTA pro 
teins will indicate that a malignancy is a B cell malignancy. 
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More specifically, detection of hybridization of RNA encod 
ing ITRA1 protein indicates that the B cell malignancy is a 
Mucosa-Associated-Lymphoid Tissue (MALT) B cell lym 
phoma. Detection of hybridization of RNA encoding ITRA4 
and IRTA5 proteins indicate that the B cell malignancy is a 
mantle cell lymphoma. In an embodiment of the above-de 
scribed method, the B cell malignancy comprises a 1 q21 
chromosomal rearrangement. One of skill will use the above 
described method as a diagnostic aid in conjunction with 
other standard methods of detecting/diagnosing malignan 
cies, e.g. pathology of a tumor sample, which may indicate 
lymphoma and the above-described method will then narrow 
the malignancy to a B cell lymphoma or more specifically to 
MALT) B cell lymphoma or a mantle cell lymphoma as 
discussed Supra. 
One of skill is familiar with known methods of detecting of 

hybridization nucleic acid molecules to nucleic acid oligo 
nucleotides, i.e. nucleic acid probes encoding a protein of 
interest for diagnostic methods. The nucleic acid molecules 
encoding the IRTA proteins of the subject invention are useful 
for detecting B cell malignancy. One of skill will recognize 
that variations of the above-described method for detecting a 
B cell malignancy in a sample include, but are not limited to, 
digesting nucleic acid from the sample with restriction 
enzymes and separating the nucleic acid molecule fragments 
so obtained by size fractionation before hybridization. 

In an embodiment of the above-described method for 
detecting a B cell malignancy in a sample from a Subject, 
wherein the detectable marker is radioactive isotope, enzyme, 
dye, biotin, a fluorescent label or a chemiluminescent label. In 
a preferred embodiment, the B cell malignancy is selected 
from the group consisting of B cell lymphoma, multiple 
myeloma, Burkitt's lymphoma, marginal Zone lymphoma, 
diffuse large cell lymphoma and follicularlymphoma cells. In 
a further embodiment, the B cell lymphoma is Mucosa-As 
sociated-Lymphoid Tissue B cell lymphoma (MALT). In 
another preferred embodiment, the B cell lymphoma is non 
Hodgkin’s lymphoma. 

This invention provides an antisense oligonucleotide hav 
ing a sequence capable of specifically hybridizing to an 
mRNA molecule encoding a human ITRA protein so as to 
prevent overexpression of the mRNA molecule. 

In preferred embodiments of the antisense oligonucleotide, 
the IRTA protein selected from the group consisting of human 
IRTA1 (SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQ ID 
NO:3 or SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 
(SEQID NO:7) and IRTA5 (SEQID NO:9) protein. In further 
embodiments of any of the above-described oligonucleotides 
of nucleic acid molecules encoding the IRTA1, IRTA2, 
IRTA3, IRTA4 and/or IRTA5 proteins, the nucleic acid may 
be genomic DNA or cDNA. 
One of skill is familiar with conventional techniques for 

nucleic acid hybridization of oligonucleotides, e.g. Ausubel, 
F. M. et al. Current Protocols in Molecular Biology, (John 
Wiley & Sons, New York, 1998), for example stringent con 
ditions of 65° C. in the presence of an elevated salt concen 
tration. Such conditions are used for completely complemen 
tary nucleic acid hybridization, whereas conditions that are 
not stringent are used for hybridization of nucleic acids which 
are not totally complementary. 
As used herein, the phrase “specifically hybridizing 

means the ability of a nucleic acid molecule to recognize a 
nucleic acid sequence complementary to its own and to form 
double-helical segments through hydrogen bonding between 
complementary base pairs. As used herein, a “unique 
sequence' is a sequence specific to only the nucleic acid 
molecules encoding the IRTA1 (SEQID NO:1), IRTA2 (SEQ 
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ID NO:44, SEQID NO:3 or SEQID NO:41), IRTA3 (SEQID 
NO:5), IRTA4 (SEQ ID NO:7) and IRTA5 (SEQ ID NO:9) 
proteins. Nucleic acid probe technology is well known to 
those skilled in the art who will readily appreciate that such 
probes may vary greatly in length and may be labeled with a 
detectable label, such as a radioisotope or fluorescent dye, to 
facilitate detection of the probe. Detection of nucleic acid 
molecules encoding the IRTA1 (SEQID NO:1), IRTA2 (SEQ 
ID NO:44, SEQID NO:3 or SEQID NO:41), IRTA3 (SEQID 
NO:5), IRTA4 (SEQ ID NO:7) and IRTA5 (SEQ ID NO:9) 
proteins is useful as a diagnostic test for any disease process 
in which levels of expression of the corresponding IRTA1, 
IRTA2, IRTA3, IRTA4 and/or IRTA5 proteins is altered. DNA 
probe molecules are produced by insertion of a DNA mol 
ecule which encodes mammalian IRTA1, IRTA2, IRTA3, 
IRTA4 and/or IRTA5 proteins or fragments thereof into suit 
able vectors, such as plasmids or bacteriophages, followed by 
insertion into suitable bacterial host cells and replication and 
harvesting of the DNA probes, all using methods well known 
in the art. For example, the DNA may be extracted from a cell 
lysate using phenol and ethanol, digested with restriction 
enzymes corresponding to the insertion sites of the DNA into 
the vector (discussed herein), electrophoresed, and cut out of 
the resulting gel. The oligonucleotide probes are useful for in 
situ hybridization or in order to locate tissues which express 
this IRTA gene family, and for other hybridization assays for 
the presence of these genes (nucleic acid molecules encoding 
any of the IRTA1-IRTA5 proteins) or their mRNA in various 
biological tissues. In addition, synthesized oligonucleotides 
(produced by a DNA synthesizer) complementary to the 
sequence of a DNA molecule which encodes an IRTA1 (SEQ 
ID NO:1), IRTA2 (SEQID NO:44, SEQID NO:3 or SEQID 
NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQID NO:7) or 
IRTA5 (SEQID NO:9) protein are useful as probes for these 
genes, for their associated mRNA, or for the isolation of 
related genes by homology screening of genomic or cDNA 
libraries, or by the use of amplification techniques such as the 
Polymerase Chain Reaction. 

This invention provides a purified IRTA1 protein compris 
ing the amino acid sequence set forth in FIG. 18A (SEQ ID 
NO:1). In an embodiment of the purified IRTA 1 protein, 
wherein the IRTA 1 protein is human IRTA1. 

This invention provides a purified IRTA2 protein compris 
ing the amino acid sequence set forth in FIGS. 18B-1-18B-3 
(SEQ ID NO:44: SEQ ID NO:3: SEQ ID NO:41). In an 
embodiment of the purified IRTA2 protein, the IRTA2 protein 
is human IRTA2. 

This invention provides a purified IRTA3 protein compris 
ing the amino acid sequence set forth in FIGS. 18C-1-18C-2 
(SEQ ID NO:5). In an embodiment of the purified IRTA3 
protein, the IRTA3 protein is human IRTA3. 

This invention provides a purified IRTA4 protein compris 
ing the amino acid sequence set forth in FIGS. 18D-1-18D-2 
(SEQ ID NO: 7). In an embodiment of the purified IRTA3 
protein, wherein the IRTA4 protein is human IRTA4. 

This invention provides a purified IRTA5 protein compris 
ing the amino acid sequence set forth in FIGS. 18E-1-18E-2 
(SEQ ID NO: 9). In an embodiment of the purified IRTA5 
protein, the IRTA5 protein is human IRTA5. 

In order to facilitate an understanding of the Experimental 
Details section which follows, certain frequently occurring 
methods and/or terms are best described in Sambrook, et al. 
(1989) and Harlow & Lane, Antibodies: A Laboratory 
Manual, Cold Spring Harbor Laboratories, Cold Spring Har 
bor, N.Y.: 1988. 

This invention provides an antibody/antibodies directed to 
an epitope of a purified IRTA1, IRTA2, IRTA3, IRTA4 or 
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IRTA5 protein, or fragment(s) thereof, having the amino acid 
sequence set forth in any of FIG. 18A, 18B-1-18B-3, 18C-1- 
18C-2, 18D-1-18D-2 or 18E-1-18E-2. 
As used herein, the term “antibody' includes, but is not 

limited to, both naturally occurring and non-naturally occur 
ring antibodies. Specifically, the term “antibody' includes 
polyclonal and monoclonal antibodies, and binding frag 
ments thereof. Furthermore, the term “antibody' includes 
chimeric antibodies and wholly synthetic antibodies, and 
fragments thereof. The polyclonal and monoclonal antibod 
ies may be “purified’ which means the polyclonal and mono 
clonal antibodies are free of any other antibodies. As used 
herein, partially purified antibody means an antibody com 
position which comprises antibodies which specifically bind 
to any of the IRTA protein(s) of the subject invention, and 
consists offewer protein impurities than does the serum from 
which the antibodies are derived. A protein impurity is a 
protein other than the antibodies specific for the IRTA 
protein(s) of the subject invention. For example, the partially 
purified antibodies may be an IgG preparation. 

Polyclonal antibodies (anti-IRTA antibodies) may be pro 
duced by injecting a host animal Such as rabbit, rat, goat, 
mouse or other animal with the immunogen(s) of this inven 
tion, e.g. a purified human IRTA1, IRTA2, IRTA3, IRTA4 or 
IRTA5, described infra. The sera are extracted from the host 
animal and are screened to obtain polyclonal antibodies 
which are specific to the immunogen. Methods of Screening 
for polyclonal antibodies are well known to those of ordinary 
skill in the art such as those disclosed in Harlow & Lane, 
Antibodies: A Laboratory Manual, (Cold Spring Harbor 
Laboratories, Cold Spring Harbor, N.Y.: 1988) the contents of 
which are hereby incorporated by reference. 
The anti-IRTA monoclonal antibodies of the subject inven 

tion may be produced by immunizing for example, mice with 
an immunogen (the IRTA polypeptides or fragments thereof 
as described herein). The mice are inoculated intraperito 
neally with an immunogenic amount of the above-described 
immunogen and then boosted with similar amounts of the 
immunogen. Spleens are collected from the immunized mice 
a few days after the final boost and a cell Suspension is 
prepared from the spleens for use in the fusion. 

Hybridomas may be prepared from the splenocytes and a 
murine tumor partner using the general Somatic cell hybrid 
ization technique of Kohler, B. and Milstein, C., Nature 
(1975) 256: 495-497. Available murine myeloma lines, such 
as those from the AmericanType Culture Collection (ATCC), 
10801 University Boulevard, Manassas, Va. 20110-2209, 
USA, may be used in the hybridization. Basically, the tech 
nique involves fusing the tumor cells and splenocytes using a 
fusogen Such as polyethylene glycol. After the fusion the cells 
are separated from the fusion medium and grown in a selec 
tive growth medium, Such as HAT medium, to eliminate 
unhybridized parent cells. The hybridomas may be expanded, 
if desired, and Supernatants may be assayed by conventional 
immunoassay procedures, for example radioimmunoassay, 
using the immunizing agent as antigen. Positive clones may 
be characterized further to determine whether they meet the 
criteria of the invention antibodies. 

Hybridomas that produce Such antibodies may be grown in 
vitro or in vivo using known procedures. The monoclonal 
antibodies may be isolated from the culture media or body 
fluids, as the case may be, by conventional immunoglobulin 
purification procedures Such as ammonium sulfate precipita 
tion, gel electrophoresis, dialysis, chromatography, and ultra 
filtration, if desired. 

In the practice of the subject invention any of the above 
described antibodies may be labeled with a detectable marker. 
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In one embodiment, the labeled antibody is a purified labeled 
antibody. The term “antibody' includes, by way of example, 
both naturally occurring and non-naturally occurring anti 
bodies. Specifically, the term “antibody' includes polyclonal 
and monoclonal antibodies, and fragments thereof. Further 
more, the term “antibody includes chimericantibodies and 
wholly synthetic antibodies, and fragments thereof. A 
“detectable moiety” which functions as detectable labels are 
well known to those of ordinary skill in the art and include, but 
are not limited to, a fluorescent label, a radioactive atom, a 
paramagnetic ion, biotin, a chemiluminescent label or a label 
which may be detected through a secondary enzymatic or 
binding step. The secondary enzymatic or binding step may 
comprise the use of digoxigenin, alkaline phosphatase, horse 
radish peroxidase, B-galactosidase, fluorescein or Steptavi 
din/biotin. Methods of labeling antibodies are well known in 
the art. 

Methods of recovering serum from a subject are well 
known to those skilled in the art. Methods of partially puri 
fying antibodies are also well knownto those skilled in the art, 
and include, by way of example, filtration, ion exchange 
chromatography, and precipitation. 
The polyclonal and monoclonal antibodies of the invention 

may be labeled with a detectable marker. In one embodiment, 
the labeled antibody is a purified labeled antibody. The 
detectable marker may be, for example, a radioactive or fluo 
rescent marker. Methods of labeling antibodies are well 
known in the art. 

Determining whether the polyclonal and monoclonal anti 
bodies of the Subject invention bind to cells, e.g. cancer cells, 
expressing an IRTA protein and form a complex with one or 
more of the IRTA protein(s) described herein, or fragments 
thereof, on the Surface of said cells, may be accomplished 
according to methods well known to those skilled in the art. In 
the preferred embodiment, the determining is accomplished 
according to flow cytometry methods. 
The antibodies of the subject invention may be bound to an 

insoluble matrix Such as that used in affinity chromatography. 
Cells which form a complex, i.e. bind, with the immobilized 
polyclonal or monoclonal antibody may be isolated by stan 
dard methods well known to those skilled in the art. For 
example, isolation may comprise affinity chromatography 
using immobilized antibody. 

Alternatively, the antibody may be a free antibody. In this 
case, isolation may comprise cell sorting using free, labeled 
primary or secondary antibodies. Such cell sorting methods 
are standard and are well known to those skilled in the art. 

This invention provides an antibody directed to a purified 
IRTA protein selected from the group consisting of IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 
SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5. (SEQ ID NO:9). In a preferred embodi 
ment of the anti-IRTA antibody the IRTA protein is human 
IRTA protein. The IRTA protein may be any mammalian 
IRTA protein, including a murine IRTA protein. In a further 
embodiment of any the above-described antibodies, the anti 
body is a monoclonal antibody. In another embodiment, the 
monoclonal antibody is a murine monoclonal antibody or a 
humanized monoclonal antibody. As used herein, "human 
ized' means an antibody having characteristics of a human 
antibody, Such antibody being non-naturally occurring, but 
created using hybridoma techniques wherein the antibody is 
of human origin except for the antigen determinant portion, 
which is murine. In yet another embodiment, the antibody is 
a polyclonal antibody. 

In preferred embodiments, any of the antibodies of the 
Subject invention may be conjugated to a therapeutic agent. In 
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further preferred embodiments, the therapeutic agent is a 
radioisotope, toxin, toxoid, or chemotherapeutic agent. The 
conjugated antibodies of the Subject invention may be admin 
istered to a Subject having a B cell cancer in any of the 
methods provided below. 

This invention provides a pharmaceutical composition 
comprising an amount of the antibody directed to an IRTA 
protein effective to bind to cancer cells expressing an IRTA 
protein selected from the group consisting of human IRTA1, 
IRTA2, IRTA3, IRTA4 and IRTA5 so as to prevent growth of 
the cancer cells and a pharmaceutically acceptable carrier. 
The anti-IRTA antibody may be directed to an epitope of an 
IRTA protein selected from the group consisting of IRTA1, 
IRTA2, IRTA3, IRTA4 and IRTA5. The IRTA proteins may be 
human or mouse IRTA proteins. 

In preferred embodiments of the above-described pharma 
ceutical composition, the cancer cells are selected from the 
group consisting of B cell lymphoma, multiple myeloma, a 
mantle cell lymphoma, Burkitt's lymphoma, marginal Zone 
lymphoma, diffuse large cell lymphoma and follicular lym 
phoma cells. In another preferred embodiment of the phar 
maceutical composition, the B cell lymphoma cells are 
Mucosa-Associated-Lymphoid Tissue B cell lymphoma 
(MALT) cells. In another preferred embodiment of the phar 
maceutical composition, the B cell lymphoma cells are non 
Hodgkin’s lymphoma cells. 

This invention provides a pharmaceutical composition 
comprising an amount of the antibody directed to an IRTA 
protein effective to bind to cancer cells expressing an IRTA 
protein selected from the group consisting of human IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 
SEQ ID NO:41), IRTA3 (SEQID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5 (SEQ ID NO:9) so as to prevent growth of 
the cancer cells and a pharmaceutically acceptable carrier. 
The anti-IRTA antibody may be directed to an epitope of an 
IRTA protein selected from the group consisting of IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 
SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5 (SEQIDNO:9). The IRTA proteins may be 
human or mouse IRTA proteins. 
As used herein, “malignant’ means capable of metastasiz 

ing. As used herein, "tumor cells are cells which originate 
from a tumor, i.e., from a new growth of different or abnormal 
tissue. The tumor cells and cancer cells may exist as part of 
the tumor mass, or may exist as free-floating cells detached 
from the tumor mass from which they originate. 
As used herein, malignant cells include, but are in no way 

limited to, B cell lymphoma, multiple myeloma, Burkitt's 
lymphoma, mantle cell lymphoma, marginal Zone lym 
phoma, diffuse large cell lymphoma and follicular lym 
phoma. The B cell lymphoma is Mucosa-Associated-Lym 
phoid Tissue B cell lymphoma (MALT) or is non-Hodgkin’s 
lymphoma. 
As used herein, “subject' is any animal or artificially modi 

fied animal. Artificially modified animals include, but are not 
limited to, SCID mice with human immune systems. In a 
preferred embodiment, the Subject is a human. 

This invention provides a method of diagnosing B cell 
malignancy which comprises a 1 q21 chromosomal rear 
rangement in a sample from a Subject which comprises: a) 
obtaining the sample from the Subject; b) contacting the 
sample of step (a) with an antibody directed to a purified IRTA 
protein capable of specifically binding with a human IRTA 
protein selected from the group consisting of human IRTA1, 
IRTA2, IRTA3, IRTA4 and IRTA5 IRTA protein on a cell 
Surface of a cancer cell under conditions permitting binding 
of the antibody with human IRTA protein on the cell surface 
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of the cancer cell, wherein the antibody is labeled with a 
detectable marker, and c) detecting any binding in step (b). 
wherein detection of binding indicates a diagnosis of B cell 
malignancy in the sample. 

In an embodiment of the above-described method of diag 
nosing B cell malignancy, the IRTA protein is selected from 
the group consisting of IRTA1 (SEQID NO:1), IRTA2 (SEQ 
ID NO:44, SEQID NO:3 or SEQID NO:41), IRTA3 (SEQID 
NO:5), IRTA4 (SEQID NO:7) and IRTA5 (SEQID NO:9). In 
another embodiment of the method the IRTA protein is 
human or mouse IRTA protein. In a further embodiment IRTA 
protein is purified. In a preferred embodiment of this method, 
the B cell malignancy is selected from the group consisting of 
B cell lymphoma, multiple myeloma, Burkitt's lymphoma, 
marginal Zone lymphoma, diffuse large cell lymphoma and 
follicular lymphoma. In yet another embodiment of this 
method, the B cell lymphoma is Mucosa-Associated-Lym 
phoid Tissue B cell lymphoma (MALT). In another preferred 
embodiment of this method, the B cell lymphoma is non 
Hodgkin’s lymphoma. 

This invention provides a method of detecting human IRTA 
protein in a sample which comprises: a) contacting the 
sample with any of any of the above-described anti-IRTA 
antibodies under conditions permitting the formation of a 
complex between the antibody and the IRTA in the sample: 
and b) detecting the complex formed in step (a), thereby 
detecting the presence of human IRTA in the sample. In an 
embodiment the IRTA protein detected may be an IRTA1, 
IRTA2, IRTA3, IRTA4 or IRTA5 protein, having an amino 
acid sequence set forth in any of FIGS. 18A (SEQID NO:1), 
18B-1-18B-3 (SEQ ID NO:44, SEQ ID NO:3 or SEQ ID 
NO:41), 18C-1-18C-2 (SEQID NO:5), 18D-1-18D-2 (SEQ 
ID NO:7) or 18E-1-18E-2 (SEQ ID NO:9). As described 
hereinabove detection of the complex formed may be 
achieved by using antibody labeled with a detectable marker 
and determining presence of labeled complex. Detecting 
human IRTA protein in a sample from a subject is another 
method of diagnosing B cell malignancy in a Subject. In an 
embodiment of this method of diagnosis, the B cell malig 
nancy is selected from the group consisting of B cell lym 
phoma, multiple myeloma, Burkitt's lymphoma, marginal 
Zone lymphoma, diffuse large cell lymphoma and follicular 
lymphoma. In yet another embodiment of this method, the B 
cell lymphoma is Mucosa-Associated-Lymphoid Tissue B 
cell lymphoma (MALT). In another preferred embodiment of 
this method, the B cell lymphoma is non-Hodgkin’s lym 
phoma. 

This invention provides a method of treating a subject 
having a B cell cancer which comprises administering to the 
subject an amount of anti-IRTA antibody effective to bind to 
cancer cells expressing an IRTA protein so as to prevent 
growth of the cancer cells and a pharmaceutically acceptable 
carrier, thereby treating the subject. Growth and proliferation 
of the cancer cells is thereby inhibited and the cancer cells die. 
In an embodiment of the above-described method, the IRTA 
protein is selected from the group consisting of human 
IRTA1, IRTA2, IRTA3, IRTA4 and IRTA5. In a preferred 
embodiment of the above-described method of treating a 
subject having a B cell cancer, the anti-IRTA antibody is a 
monoclonal antibody. In another embodiment of the method, 
the monoclonal antibody is a murine monoclonal antibody or 
a humanized monoclonal antibody. The antibody may be a 
chimeric antibody. In a further embodiment, the anti-IRTA 
antibody is a polyoclonal antibody. In an embodiment, the 
polyclonal antibody may be a murine or human polyclonal 
antibody. In a preferred embodiment, the B cell cancer is 
selected from the group consisting of B cell lymphoma, mul 
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tiple myeloma, Burkitt's lymphoma, mantle cell lymphoma 
marginal Zone lymphoma, diffuse large cell lymphoma and 
follicularlymphoma. In another preferred embodiment, the B 
cell lymphoma is Mucosa-Associated-Lymphoid Tissue B 
cell lymphoma (MALT). In a further preferred embodiment, 
the B cell lymphoma is non-Hodgkin’s lymphoma. In a pre 
ferred embodiment of the above-described method of treating 
a subject having a B cell cancer, administration of the amount 
of anti-IRTA antibody effective to bind to cancer cells 
expressing an IRTA protein is intravenous, intraperitoneal, 
intrathecal, intralymphatical, intramuscular, intralesional, 
parenteral, epidural, Subcutaneous; by infusion, liposome 
mediated delivery, aerosol delivery; topical, oral, nasal, anal, 
ocular or optic delivery. In another preferred embodiment of 
the above-described methods, the anti-IRTA antibody may be 
conjugated to a therapeutic agent. In further preferred 
embodiments, the therapeutic agent is a radioisotope, toxin, 
toxoid, or chemotherapeutic agent. 

This invention provides a method of treating a subject 
having a B cell cancer which comprises administering to the 
subject an amount of anti-IRTA antibody effective to bind to 
cancer cells expressing an IRTA protein so as to prevent 
growth of the cancer cells and a pharmaceutically acceptable 
carrier, thereby treating the subject. Growth and proliferation 
of the cancer cells is thereby inhibited and the cancer cells die. 
In an embodiment of the above-described method, the IRTA 
protein is selected from the group consisting of human IRTA1 
(SEQ ID NO:1), IRTA2 (SEQ ID NO:44, SEQID NO:3 or 
SEQ ID NO:41), IRTA3 (SEQ ID NO:5), IRTA4 (SEQ ID 
NO:7) and IRTA5 (SEQ ID NO:9). In a preferred embodi 
ment of the above-described method of treating a subject 
having a B cell cancer, the anti-IRTA antibody is a mono 
clonal antibody. In another embodiment of the method, the 
monoclonal antibody is a murine monoclonal antibody or a 
humanized monoclonal antibody. The antibody may be a 
chimeric antibody. In a further embodiment, the anti-IRTA 
antibody is a polyclonal antibody. In an embodiment, the 
polyclonal antibody may be a murine or human polyclonal 
antibody. In a preferred embodiment, the B cell cancer is 
selected from the group consisting of B cell lymphoma, mul 
tiple myeloma, Burkitt's lymphoma, mantle cell lymphoma 
marginal Zone lymphoma, diffuse large cell lymphoma and 
follicularlymphoma. In another preferred embodiment, the B 
cell lymphoma is Mucosa-Associated-Lymphoid Tissue B 
cell lymphoma (MALT). In a further preferred embodiment, 
the B cell lymphoma is non-Hodgkin’s lymphoma. In a pre 
ferred embodiment of the above-described method of treating 
a subject having a B cell cancer, administration of the amount 
of anti-IRTA antibody effective to bind to cancer cells 
expressing an IRTA protein is intravenous, intraperitoneal, 
intrathecal, intralymphatical, intramuscular, intralesional, 
parenteral, epidural, Subcutaneous; by infusion, liposome 
mediated delivery, aerosol delivery; topical, oral, nasal, anal, 
ocular or otic delivery. In another preferred embodiment of 
the above-described methods, the anti-IRTA antibody may be 
conjugated to a therapeutic agent. In further preferred 
embodiments, the therapeutic agent is a radioisotope, toxin, 
toxoid, or chemotherapeutic agent. 
The invention also provides a pharmaceutical composition 

comprising either an effective amount of the oligonucleotides 
or of the antibodies described above and a pharmaceutically 
acceptable carrier. In the subject invention an “effective 
amount' is any amount of an oligonucleotide or an antibody 
which, when administered to a Subject Suffering from a dis 
ease or abnormality against which the oligonucleotide or 
antibody are effective, causes reduction, remission, or regres 
sion of the disease or abnormality. In the practice of this 
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invention the “pharmaceutically acceptable carrier' is any 
physiological carrier known to those of ordinary skill in the 
art useful in formulating pharmaceutical compositions. 

Pharmaceutically acceptable carriers are well known to 
those skilled in the art and include, but are not limited to, 
0.01-0.1M and preferably 0.05M phosphate buffer or 0.8% 
saline. Additionally, Such pharmaceutically acceptable carri 
ers may be aqueous or non-aqueous Solutions, Suspensions, 
and emulsions. Examples of non-aqueous solvents are pro 
pylene glycol, polyethylene glycol, vegetable oils such as 
olive oil, and injectable organic esters such as ethyl oleate. 
Aqueous carriers include water, alcoholic/aqueous Solutions, 
emulsions or Suspensions, including saline and buffered 
media. Parenteral vehicles include sodium chloride solution, 
Ringer's dextrose, dextrose and sodium chloride, lactated 
Ringer's or fixed oils. Intravenous vehicles include fluid and 
nutrient replenishers, electrolyte replenishers such as those 
based on Ringer's dextrose, and the like. Preservatives and 
other additives may also be present, such as, for example, 
antimicrobials, antioxidants, chelating agents, inert gases and 
the like. 

In one preferred embodiment the pharmaceutical carrier 
may be a liquid and the pharmaceutical composition would be 
in the form of a solution. In another equally preferred embodi 
ment, the pharmaceutically acceptable carrier is a solid and 
the composition is in the form of a powder or tablet. In a 
further embodiment, the pharmaceutical carrier is a gel and 
the composition is in the form of a Suppository or cream. In a 
further embodiment the compound may be formulated as a 
part of a pharmaceutically acceptable transdermal patch. 
A solid carrier can include one or more substances which 

may also act as flavoring agents, lubricants, Solubilizers, Sus 
pending agents, fillers, glidants, compression aids, binders or 
tablet-disintegrating agents; it can also be an encapsulating 
material. In powders, the carrier is a finely divided solid 
which is in admixture with the finely divided active ingredi 
ent. In tablets, the active ingredient is mixed with a carrier 
having the necessary compression properties in Suitable pro 
portions and compacted in the shape and size desired. The 
powders and tablets preferably contain up to 99% of the active 
ingredient. Suitable solid carriers include, for example, cal 
cium phosphate, magnesium Stearate, talc, Sugars, lactose, 
dextrin, starch, gelatin, cellulose, polyvinylpyrrolidine, low 
melting waxes and ion exchange resins. 

Liquid carriers are used in preparing Solutions, Suspen 
sions, emulsions, syrups, elixirs and pressurized composi 
tions. The active ingredient can be dissolved or Suspended in 
a pharmaceutically acceptable liquid carrier Such as water, an 
organic Solvent, a mixture of both or pharmaceutically 
acceptable oils or fats. The liquid carrier can contain other 
Suitable pharmaceutical additives such as solubilizers, emul 
sifiers, buffers, preservatives, Sweeteners, flavoring agents, 
Suspending agents, thickening agents, colors, Viscosity regu 
lators, stabilizers or osmo-regulators. Suitable examples of 
liquid carriers for oral and parenteral administration include 
water (partially containing additives as above, e.g. cellulose 
derivatives, preferably sodium carboxymethyl cellulose solu 
tion), alcohols (including monohydric alcohols and polyhy 
dric alcohols, e.g. glycols) and their derivatives, and oils (e.g. 
fractionated coconut oil and arachis oil). For parenteral 
administration, the carrier can also be an oily ester Such as 
ethyl oleate and isopropyl myristate. Sterile liquid carriers are 
useful in sterile liquid form compositions for parenteral 
administration. The liquid carrier for pressurized composi 
tions can be halogenated hydrocarbon or other pharmaceuti 
cally acceptable propellent. 
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Liquid pharmaceutical compositions which are sterile 

Solutions or Suspensions can be utilized by for example, intra 
muscular, intrathecal, epidural, intraperitoneal or Subcutane 
ous injection. Sterile solutions can also be administered intra 
venously. The compounds may be prepared as a sterile solid 
composition which may be dissolved or Suspended at the time 
of administration using sterile water, Saline, or other appro 
priate sterile injectable medium. Carriers are intended to 
include necessary and inert binders, Suspending agents, lubri 
cants, flavorants, Sweeteners, preservatives, dyes, and coat 
ings. 
The pharmaceutical composition comprising the oligo 

nucleotide or the antibody can be administered orally in the 
form of a sterile solution or Suspension containing other Sol 
utes or Suspending agents, for example, enough saline or 
glucose to make the solution isotonic, bile salts, acacia, gela 
tin, sorbitan monoleate, polysorbate 80 (oleate esters of sor 
bitol and its anhydrides copolymerized with ethylene oxide) 
and the like. 
The pharmaceutical composition comprising the oligo 

nucleotide or the antibody can also be administered orally 
either in liquid or Solid composition form. Compositions 
Suitable for oral administration include Solid forms, such as 
pills, capsules, granules, tablets, and powders, and liquid 
forms, such as solutions, syrups, elixirs, and Suspensions. 
Forms useful for parenteral administration include sterile 
Solutions, emulsions, and Suspensions. 

Optimal dosages to be administered may be determined by 
those skilled in the art, and will vary with the particular 
inhibitor in use, the strength of the preparation, the mode of 
administration, and the advancement of the disease condition 
or abnormality. Additional factors depending on the particu 
lar subject being treated will resultina need to adjust dosages, 
including Subject age, weight, gender, diet, and time of 
administration. 

This invention will be better understood from the Experi 
mental Details which follow. However, one skilled in the art 
will readily appreciate that the specific methods and results 
discussed are merely illustrative of the invention as described 
more fully in the claims which follow thereafter. 

EXPERIMENTAL DETAILS 

First Series of Experiments 

Molecular analysis of chromosomal translocations associ 
ated with multiple myeloma (MM) has indicated that the 
pathogenesis of this malignancy may be heterogeneous, 
being associated with several distinct oncogenes including 
BCL-1, MUM-1 and FGFR3. Structural abnormalities of 
chromosome 1 q21, including translocations with chromo 
Some 14q32, represent frequent cytogenetic aberrations asso 
ciated with multiple myeloma. In order to identify the genes 
involved in these translocations, the breakpoint regions cor 
responding to both derivatives of a t(1:14) (q21q32) detect 
able in the FR4 human plasmacytoma cell line were cloned. 
Analysis of the breakpoint sequences showed that they 
involved a reciprocal recombination between the Immuno 
globulin heavy chain (IgEI) locus on 14q32 and unknown 
sequences on 1q21. The normal locus corresponding to the 
1q21 region involved in the translocation was cloned and the 
genes adjacent to the breakpoint region were identified by an 
exon-trapping strategy. Two genes were found, located within 
a 20 Kb distance from each other, in the region spanning the 
breakpoint on 1q21. The first gene, called MUM-2 (multiple 
myeloma-2) is expressed as a 2.5 Kb mRNA transcript detect 
able in spleen and lymph nodes. Cloning and sequencing of 
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the full-length MUM-2cDNA predicts a 515 amino acid cell 
Surface glycoprotein containing four extracellular Ig-type 
domains, a transmembrane and a cytoplasmic domain and 
sharing a 37% identity (51% homology) with Fc gamma 
receptor I over its first three extracellular domains. In FR4 
cells, the translocation breakpoints interrupt the MUM-2 cod 
ing domain and juxtapose it to the IgE locus in the same 
transcriptional orientation. As a consequence, structurally 
abnormal FR4-specific MUM-2 transcripts (3.0, 5.2 and 6.0 
Kb) in lymph nodes and spleen and encodes a protein with an 
extracellular domain containing six Ig-type domains homolo 
gous to members of the Fc gamma and Ig-type adhesion 
receptor families. The structure of the MUM-2 and MUM-3 
genes and their direct involvement in a MM-associated trans 
location Suggest that these genes code for novel cell Surface 
receptors important for normal lymphocyte function and B 
cell malignancy. 

Second Series of Experiments 

Experimental Procedures 
Cell Lines 
The MM cell lines used in this study (FR4, U266, JJN3, 

EJM, SKMM1, RPMI-8226, XG 1, XG2, XG4, XG6, XG7) 
have been previously reported (Tagawa et al., 1990), (Jern 
berg et al., 1987), (Hamilton et al., 1990; Jackson et. al., 
1989), (Eton et al., 1989), (Zhanget al., 1994). The FR4 cell 
line was established in the laboratory of one of the authors 
(S.T). The U266, JJN3, and EJM cell lines were gifts from Dr. 
K. Nilsson (University of Uppsala, Uppsala, Sweden) and the 
SKMM-1 cell line was a gift of A. N. Houghton (Memorial 
Sloan Kettering Cancer Center, NewYork, N.Y.). The fiveXG 
cell lines were obtained from Dr. Bernard Klein and cultured 
in the presence of 1 ng/ml human recombinant IL-6 as 
described previously (Zhang et al., 1994). The BL cell lines 
with 1 q21 abnormalities have been previously described 
(Polito et al., 1995), (Magrathet al., 1980) and were grown in 
RPMI, 10% FCS. 
Genomic and cDNA Library Screening and DNA Sequence 
Analysis 
Two genomic libraries were constructed from FR4 

genomic DNA either by BamHI complete digestion or by 
Sau3AI partial digestion and Subsequent ligation of gel-pu 
rified fractions into the lDASH-II phage vector (Stratagene). 
The BamHI library was screened with a 4.2 kb XhoI-BamHI 
probe derived from the Calocus and the Sau3AI library was 
screened with a 5'Saprobe previously described (Bergsagel et 
al., 1996). A human placental DNA library (Stratagene) was 
screened with probe 1.0EH (FIGS. 8A-8C) to obtain the 
germline 1 q21 locus. Library Screening and plaque isolation 
were preformed according to established procedures (Sam 
brook et al., 1989). (MUM-2) and (MUM-3) cDNA clones 
were isolated from an oligo-dT/random-primed cDNA 
library constructed from normal human spleen RNA (Clon 
tech). The IRTA1 cDNA probe used for library screening was 
obtained from RT-PCR of human spleen cINA using primers 
flanking exons 1 and 3. DNA sequencing was preformed on 
an ABI 373 automated sequencer (Applied Biosystems). 
Sequence homology searches were carried out through the 
BLAST e-mail server at the National Center for Biotechnol 
ogy Information, Bethesda, Md. 
PAC and YAC Isolation and Exon Trapping 
Human PAC clones were obtained by screening a human 

PAC library spotted onto nylon membranes (Research Genet 
ics) with the 1.0 EH probe (FIGS. 8A-8C). The Zeneca (for 
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merly ICI) human YAC library (Anand et al., 1990) obtained 
from the United Kingdom Human Genome Mapping 
Resource Center (UK-HGMP) was screened using a PCR 
based pooling strategy. Exon trapping was performed using 
the exon trapping system (Gibco BRL), according to the 
manufacturers instructions. 

Isolation of PAC/YAC End Clones, Pulsed-Field Gel Electro 
phoresis (PFGE) and Fluorescence In Situ Hybridization 
(FISH) Analysis 
PAC DNA extraction was performed according to standard 

alkaline lysis methods (Drakopoli Net al., 1996). A vector 
ette-PCR method was used to isolate PAC and YAC end 
probes (Riley et al., 1990), as previously described (Iida et al. 
1996). PFGE analysis was performed according to standard 
protocols (Drakopoli Net al., 1996) using the CHEF Mapper 
system (BioRad, Hercules, Calif.). Biotin labeling of PAC 
DNA, chromosome preparation and FISH were performed as 
previously described (Rao et al., 1993). 
Southern and Northern blot Analyses, RACE and RT-PCR 

Southern and northern blot analyses were performed as 
described previously (Neri et al., 1991). For Northern blot 
analyses total RNA was prepared by the guanidium thiocy 
anate method and poly(A) RNA was selected using poly(T)- 
coated beads (Oligotex Kit by Quigen). For Northern blots, 2 
mg of poly(A) RNA were loaded per lane. Multiple tissue 
Northern filters were obtained from Clontech. RACE was 
performed using the Marathon cDNA Amplification kit 
(Clontech) and Marathon-Ready spleen cINA. First strand 
cDNA synthesis was performed using the Superscript RT 
PCR system (Gibco BRL) 
In Situ Hybridization 

Digoxigenin-containing antisense and sense cFNA probes 
were transcribed with T3 and T7 RNA polymerase, respec 
tively, from linearized pBluescript KS+ plasmids containing 
coding region of cDNAs, nucleotides 62 to 1681 of IRTA1 
(SEQ ID NO: 1) and 18 to 2996 of IRTA2 (SEQ ID NO:44, 
SEQ ID NO:3 or SEQID NO:41). Hyperplastic human ton 
sillar tissue surgically resected from children in Babies Hos 
pital, Columbia Presbyterian Medical Center was snap frozen 
in powdered dry ice. Cryostat sections were stored for several 
days at -80 degrees C. prior to processing. Non-radioactive in 
situ hybridization was performed essentially as described 
(Franket al., 1999), except that fixation time in 4% paraform 
aldehyde was increased to 20 minutes, and proteinase K treat 
ment was omitted. The stringency of hybridization was 68 
degrees C., in 5xSSC, 50% formamide. Alkaline phos 
phatase-conjugated anti-digoxigenin antibody staining was 
developed with BCIP/NBT substrate. 
Transfection, immunoprecipitation and Western Blotting 

293 cells (ATCC), grown in DMEM, 10% FCS were tran 
siently transfected, according to the standard calcium phos 
phate method, with pMT2T and pMT2T-IRTA1/Ca transient 
expression constructs. The latter was generated using the 
IRTA1/Ca RT-PCR product from FR4. Cells (2x10° of trans 
fectants and 2x10 of remaining cell lines) were solubilized in 
Triton X-100 lysis buffer (150 mM NaCl, 10 mM Tris-HCl 
pH 7.4, 1% TX-100, 0.1% BSA) in the presence of a pro 
tease inhibitors cocktail (Roche Biochemicals). Lysates were 
incubated at 4°C. for 2 hours with 4 mg/ml of the monoclonal 
antibody #117-332-1 (Yu et al., 1990) (Tanox Biosystems, 
Inc., Houston, Tex.) that was raised against the extracellular 
portion of the IgA membrane peptide. Immune complexes 
were isolated with protein G-Sepharose (Pharmacia) prior to 
electrophoresis on 10-20'Tris-HCl gradient gels (Biorad) and 
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immunobloting, using 15 mg/ml of the #117-332-1 antibody. 
Results were visualized by ECL (Amersham). 
Results 

Molecular Cloning of the t01:14)(cq21q32) 
Chromosomal translocations involving the Ig heavy-chain 

(IGH) locus often occur within or near Igh switch regions as 
a result of “illegitimate” switch recombination events (Dalla 
Favera et al., 1983; Chesi et al., 1996; Chesi et al., 1998). The 
breakpoints can be detected by Southern-blot hybridization 
assays as rearranged alleles in which the IGH constant (C) 
region sequences have lost their syntenic association with 
IGH joining (J) and 5' Switch region (S) sequences (Dalla 
Favera et al., 1983: Neri et al., 1988: Neri et al., 1991; Berg 
sagel et al., 1996). This assay has led to the identification of 
several chromosomal partners for the Igh locus in B-NHL 
and MM (Taub et al., 1982; Dalla-Favera et al., 1983: Neri et 
al., 1988: Neri et al., 1991;Ye et al., 1993; Chesi et al., 1996; 
Richelda et al., 1997: Iida et al., 1997; Dyominet al., 1997: 
Dyominet al., 2000). We employed the same strategy in order 
to clone the 1 q21 breakpoint region in FR4, a myeloma cell 
line carrying a t1:14) (q21:q32), as determined by cytoge 
netic analysis (Tagawa et al., 1990; Taniwaki M., unpublished 
results). Two “illegitimately’ rearranged fragments were 
identified within the Co. heavy-chain locus in FR4 by South 
ern blot hybridization analysis (data not shown), and were 
cloned from phage libraries constructed from FR4 genomic 
DNA. Restriction mapping, Southern blot hybridization and 
partial nucleotide sequencing of two genomic phages (clones 
FR4B-5 and FR4S-a, FIG. 8A) demonstrated that they 

contained the chromosomal breakpoints of a reciprocal bal 
anced translocation between the Co. locus on 14q32 and 
non-IGH sequences. A probe (1.0EH) representing these non 
IgH sequences (FIG. 8A) was then used to clone the corre 
sponding normal genomic locus from phage, P1 artificial 
chromosome (PAC), and yeast artificial chromosome (YAC) 
human genomic libraries. Fluorescence in situ hybridization 
(FISH) analysis of normal human metaphase spreads using 
the 100-kb non-chimaeric PAC clone 49A16 which spans the 
breakpoint region (see below, FIG. 13), identified the partner 
chromosomal locus as derived from band 1q21 (FIG. 8C). 
Mapping to a single locus within chromosome 1 was con 
firmed by hybridization of two non-repetitive probes to DNA 
from a somatic-cell hybrid panel representative of individual 
human chromosomes (data not shown). These results were 
consistent with the cloning of sequences spanning the t01:14) 
(q21q32) in FR4. 

Sequence analysis of the breakpoint regions on the deriva 
tive chromosomes and alignment with the germline 14q32 
and 1g21 loci (SEQID NO:24 and SEQID NO:26, respec 
tively) revealed that the breakpoint had occurred in the intron 
between the CH3 and the transmembrane exon of CC. on 
chromosome 14. Although the breakpoint region was devoid 
of recombination signal sequences (RSS) or Switch signal 
sequences (Kuppers et al., 1999), the sequence CTTAAC 
(underlined on FIG. 8B) was present in both germline chro 
mosomes 14 and 1 at the breakpoint junction (SEQID NO:25 
and SEQID NO:27, respectively). One copy of this sequence 
was present in each of the derivative chromosomes, with a 
slight modification in the der(1) copy (point mutation in the 
last nucleotide: C to G). The nucleotides AT preceding 
CTTAAC on chromosome 1 were also present in both deriva 
tive chromosomes (FIG. 8B). The translocation did not result 
in any loss of chromosome 1 sequences. On the other hand, in 
the chromosome 14 portion of der(1) we observed two dele 
tions upstream of the breakpoint junction: a 16 nucleotide 
deletion (GGCACCTCCCCTTAAC) (SEQID NO:42) and a 
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4 nucleotide deletion (TGCA) 6 nucleotides upstream (FIG. 
8B). These observations indicate that the t01:14)(cq21q32) in 
FR4 cells represents a balanced reciprocal translocation pos 
sibly facilitated by the presence of homologous sequences 
(CTTAAC) on both chromosomes. 
The 1q21 Breakpoint Region Contains Genes Coding for 
Novel Members of the Immunoglobulin Receptor Superfam 
ily 
We next investigated whether the region of chromosome 

1q21 spanning the translocation breakpoint in FR4 contains a 
transcriptional unit. DNA from partially overlapping PAC 
clones 49A16 and 210K22 (FIG. 13) was “shotgun' cloned in 
plasmids, sequenced and analyzed for homology to known 
genes in human genome databases. In parallel, candidate 
genes on the 49A16 PAC were sought by an exon trapping 
strategy (Church et al., 1994). 
Mapping of the candidate exons on the 1 q21 genomic 

clones revealed that the FR4 breakpoint had occurred 
between two trapped exons (see below, FIG. 13), which 
belonged to the same transcript since they could be linked by 
RT-PCR using spleen RNA. This RT-PCR product was then 
used as a probe to screen a spleen cDNA library in order to 
isolate full-length clones corresponding to this transcript. 
Two sets of cDNA clones were identified, belonging to two 
distinct transcripts and sharing a 76% mRNA sequence iden 
tity within the 443 bp probe region. Full length cDNA clones 
for both transcripts were obtained by rapid amplification of 
cDNA ends (RACE) on human spleen cDNA that generated 5' 
and 3' extension products. 
The schematic structure of the cDNA representing the first 

transcript is depicted in FIG. 9A. Alternate usage of three 
potential polyadenylation sites in its 3' untranslated region 
gives rise to three mRNA species of 2.6, 2.7 and 3.5 kb, 
encoding the same putative 515-amino acid protein (FIG. 
9A). The predicted features of this protein include a signal 
peptide, in accordance with the -3, -1 rule (von Heijne, 
1986), four extracellular Ig-type domains carrying three 
potential asparagine (N)-linked glycosylation sites (FIG. 
9A), a 16 amino acid transmembrane and a 106 amino acid 
cytoplasmic domain with three putative consensus Src-ho 
mology 2 (SH2)-binding domains (Unkeless and Jin, 1997) 
(FIG.10B). These (SH2)-binding domains exhibit features of 
both ITAM (Immune-receptor Tyrosine-based Activation 
Motif D/EXD/EXYXXL/IXYXXL/I; where X 
denotes non-conserved residues) (Reth, 1989) and ITIM 
motifs (Immune-receptor lyrosine-based Inhibition Motif 
S/V/L/IYXXL/V where X denotes non-conserved residues) 
(Unkeless and Jin, 1997). As shown in FIG. 10B, the first two 
SH2-binding domains are spaced 8 aminoacids apart, consis 
tent with the consensus ITAM motif. Diverging from the 
consensus, the glutamate residue (E) is positioned four rather 
than two aminoacids before the first tyrosine (Y) (FIG. 10B), 
and the +3 position relative to tyrosine (Y) is occupied by 
valine (V) rather than leucine (L) or isoleucine (I) (Cambier, 
1995). All three domains conform to the ITIM consensus and 
each is encoded by a separate exon, as is the case for ITIM. 
Thus their arrangement may give rise to three ITIM or pos 
sibly to one ITAM and one ITIM. The overall structure of this 
protein suggests that it represents a novel transmembrane 
receptor of the Ig Superfamily and it was therefore name 
IRTA1 (Immune Receptor Translocation Associated gene 1). 
The second cDNA shares homology to IRTA1 (68% nucle 

otide identity for the length of the IRTA1 message encoding 
its extracellular domain) and was named IRTA2. The IRTA2 
locus is more complex than IRTA1 and is transcribed into 
three major mRNA isoforms (IRTA2a, IRTA2b, IRTA2c) of 
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different molecular weight (2.8, 4.7 and 5.4 kb respectively), 
each with its own unique 3' untranslated region (FIG.9B). In 
addition, a 0.6 kb transcript (FIG. 12A) arises from the usage 
of an early polyadenylation signal at nucleotide 536 of 
IRTA2. The three predicted IRTA2 protein isoforms encoded 
by these transcripts share a common aminoacid sequence 
until residue 560, featuring a common signal peptide and six 
extracellular Ig-type domains (FIG.9B). IRTA2a encodes for 
a 759 aa secreted glycoprotein with eight Ig-type domains 
followed by 13 unique, predominantly polaraminoacids at its 
C-terminus. IRTA2b diverges from IRTA2a at amino acid 
residue 560, and extends for a short stretch of 32 additional 
residues, whose hydrophobicity is compatible with its dock 
ing to the plasma membrane via a GPI-anchor (Ferguson and 
Williams, 1988). IRTA2c is the longest isoform whose 
sequence deviates from IRTA2a at aminoacid 746. It encodes 
a 977 aa type I transmembrane glycoprotein with nine extra 
cellular Ig-type domains, harboring eight potential N-linked 
glycosylation sites, a 23 aminoacid transmembrane and a 104 
aminoacid cytoplasmic domain with three consensus SH2 
binding motifs (FIG. 10B). Each of the SH2-binding sites in 
IRTA2c agrees with the ITIM consensus (FIG. 10B) and is 
encoded by a separate exon. These features suggest that 
IRTA2c is a novel transmembrane receptor of the Ig super 
family with secreted and GPI-linked isoforms. 
Homology Between the IRTA Proteins and Immunoglobulin 
Superfamily Receptors 
Amino acid alignment of the entire extracellular domains 

of the IRTA1 and IRTA2 proteins to each other and to other Ig 
Superfamily members revealed a remarkable homology 
between them (47% identity and 51% similarity) and a lower, 
but striking homology to the Fc gamma receptor family of 
proteins. This homology was stronger in the aminoacid posi 
tions conserved among the different classes of Fc receptors. 
Among Fc receptors, the high affinity IgG receptor FCGR1 
(CD64) shared the highest levels of homology with the first 
three Ig-domains of IRTA1 and IRTA2 (37% identity and 
50% similarity) throughout its entire extracellular portion 
(FIG. 10A). Lower levels of homology were observed 
between the IRTA proteins and the extracellular domains of 
other cell Surface molecules, including human platelet endot 
helial cell adhesion molecule (PECAM1), B-lymphocyte cell 
adhesion molecule (CD22) and Biliary Glycoprotein 1 
(BGP1) (22-25% identity, 38-41% homology). 
No homology is apparent between the IRTAs and members 

of the Fc receptor family in their cytoplasmic domains. In 
contrast, significantaminoacid homology is present between 
IRTA1 and PECAM1 (31% aminoacid identity and 45% 
homology), IRTA2c and BGP1 (30% identity, 35% homol 
ogy) and IRTA2c and PECAM1 (28% identity, 50% homol 
ogy) (FIG. 10B). These homologies suggest employment of 
similar downstream signaling pathways by these different 
proteins. 
IRTA1 and IRTA2 are Normally Expressed in Specific Sub 
populations of B Cells 
The normal expression pattern of the IRTA1 and IRTA2 

mRNAs was first analyzed by Northern blot hybridization of 
RNA derived from different normal human tissues and from 
human cell lines representing different hematopoietic lin 
eages and stages of B-cell development. 

IRTA1 expression was detected at a very low level in 
human spleen and lymph node RNA (FIG. 11A, left panel) 
and was undetectable in all other human tissues analyzed, 
including fetal liver, bone marrow, lung, placenta, Small intes 
tine, kidney, liver, colon, skeletal muscle, heart and brain 
(data not shown). Among B cell lines, IRTA1 expression was 
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absent in cell lines representing pre-B and germinal center 
B-cells, plasma cells and cells of erythroid, T-cell and 
myeloid origin (data not shown, see Materials and Methods). 
Expression was detectable at very low levels only in EBV 
immortalized lymphoblastoid cell lines (LCL), which repre 
sent a subpopulation (immunoblasts) positioned downstream 
of germinal center B cells in B-cell differentiation. However, 
expression was induced in estrogen-deprived ER/EB cells 
which, being immortalized by a recombinant EBV genome in 
which the EBNA2 gene is fused to the estrogen receptor, 
proliferate in the presence of estrogen while they arrest in the 
Go/G phase upon estrogen deprivation (Kempkes et al., 
1995). IRTA1 expression was barely detectable in these cells 
in the presence of estrogen, but was induced (10-fold) upon 
their Go/Garrest following estrogen withdrawal (FIG. 11A, 
right panel). Taken together, these results suggest that IRTA1 
is expressed in a lymphoid Subpopulation present in spleen 
and lymph nodes and presumably represented by resting B 
cells. 
To further investigate the phenotype and tissue distribution 

of the cells expressing IRTA1, we performed in situ hybrid 
ization on human tonsillar tissue using a IRTA1 antisense 
cDNA probe (FIG. 11B). Serial sections were processed for 
in situ hybridization with a control sense cDNA probe (Panel 
#1 in FIG. 11B), an antisense cDNA probe (Panel #2) and 
hematoxylin and eosin (H&E) staining (Panel #3) to outline 
the architecture of the lymphoid tissue. The IRTA1 hybrid 
ization signal was excluded from the germinal center and the 
mantle Zone of the follicles and was characteristically con 
centrated in the perifollicular Zone with infiltrations in the 
intra-epithelial region (FIGS. 11B-2, 11B-4). In this region, 
only B cells were positive as documented by staining with B 
cell specific markers (Ig|D, not shown), and by immunohis 
tochemical analysis with anti-IRTA1 and anti-B (CD20, 
PAX5), anti-T (CD3), and anti-monocyte (CD68) antibodies 
(not shown; G. Cattoretti et al., manuscript in preparation). 
This perifollicular area is the “marginal Zone' equivalent of 
the tonsil, representing a functionally distinct B-cell compart 
ment that contains mostly memory B-cells and monocytoid 
B-cells (de Wolf-Peeters et al., 1997). Together with the 
Northern blot analysis of normal tissues and cell lines, these 
results indicate that IRTA1 is expressed in a subpopulation of 
resting mature B-cells topographically located in the perifol 
licular and intraepithelial region, sites rich in memory B cells. 

In the case of IRTA2, Northern blot analysis detected all 
alternatively spliced species in human lymph node, spleen, 
bone marrow and small intestine mRNA, with relative pre 
ponderance of the IRTA2a isoform (FIG. 12A, left panel). 
Among the hematopoietic cell lines of lymphoid and non 
lymphoid origin tested, IRTA2 expression was restricted to 
B-cell lines with an immunoblastic, post-germinal center 
phenotype (FIG.12A, right panel). Similarly to IRTA1, it was 
absent from cell lines derived from pre-B cells, germinal 
center centroblasts, plasma cells, T-cells, erythroid cells and 
myeloid cells (FIG. 12A, right panel). 

In situ hybridization analysis of human tonsillar tissue, 
using the IRTA2c cDNA as a probe, was consistent with the 
results of the Northern blot analysis. The IRTA2 mRNA was 
largely excluded from the mantle Zone of the germinal center, 
with the exception of a few positive cells (FIGS. 12B-2, 
12B4). Within the germinal center, the dark Zone, represented 
by centroblasts, appeared negative for IRTA2, while the light 
Zone, rich in centrocytes, was strongly positive (FIGS. 12B-2, 
12B-4). Finally, IRTA2 mRNA was detected in the “marginal 
Zone' equivalent region outside germinal center follicles and 
in the intraepithelial and interfollicular regions of the tonsil. 
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This pattern is consistent with specificity of IRTA2 for cen 
trocytes and post-germinal center B cells. Comparing their 
expression patterns, we conclude that both are specific for 
mature B cells, but IRTA2 has a broader pattern of expression 
that includes centrocytes and interfollicular B cells, while 
IRTA1 is restricted to marginal Zone B cells, most likely 
memory cells. 

Genomic Organization of the IRTA1 and IRTA2 Genes 
To understand the consequences of 1 q21 abnormalities on 

IRTA1 and IRTA2 gene structure and expression, we first 
determined the organization of their genomic loci. The IRTA1 
gene contains 11 exons with a total genomic size of 24.5 kb 
(FIG. 13). The IRTA2 locus was found to span a genomic 
region of approximately 40 kb (FIG. 13). The three IRTA2 
alternatively spliced products share their first 8 exons, at 
which point IRTA2b does not utilize the next splicing site, and 
terminates by entering its 3'UTR region. IRTA2a and 2c iso 
forms splice into exon 9, with IRTA2a entering into its 3'UTR 
after exon 11 and IRTA2c splicing into exon 12 and extending 
until exon 18 (FIG. 13). 

Based on sequencing data, we determined that the IRTA1 
and IRTA2 genes are located 21 kb distant from each other, 
juxtaposed in the same transcriptional orientation (FIG. 13) 
that extends from the telomere (5') towards the centromere 
(3'). At the 1q21 locus, they are tightly linked to each other as 
well as to three additional genes we recently cloned through 
their homology to the IRTAs (I.M., manuscript in prepara 
tion). All five genes are contiguous, covering a ~300kb region 
at 1 q21. This region is located at the interval between previ 
ously reported 1 q21 breakpoints. Based on the distance 
between genomic clones harboring the respective genes on 
the Whitehead Institute Radiation Hybrid map, the IRTA1-2 
locus is estimated to lie approximately 0.8 Mb away from the 
MUC1 locus towards the telomere (N.P. unpublished data; 
Dyominet al., 2000: Gilles et al., 2000) and less than or equal 
to 7 Mb away from the FCGRIB locus towards the cen 
tromere (N.P. unpublished data). 
The t(1:14) (c.21;q32) Translocation Generates an IRTA1/Ca 
Fusion Protein in the FR4 Myeloma Cell Line 

Comparative restriction and nucleotide sequence analysis 
of germline versus rearranged sequences from the Cal and 
IRTA1 loci showed that the translocation had fused sequences 
within intron 2 of the IRTA1 gene to the intronic sequences 
between the CH3 and the transmembrane exon of Ca in the 
same transcriptional orientation (FIG. 14A). This Suggested 
that, if IRTA1 sequences were expressed in the translocated 
locus, the intact donor site at the 3' border of the IRTA1 exon 
and the intact acceptor site at the 5' of Ca could be used to 
generate a fusion IRTA1/Ca mRNA, and possibly a IRTA1/ 
Cafusion protein. 

In order to test this prediction, we analyzed IRTA1 mRNA 
expression in FR4 by Northern blot analysis using an IRTA1 
cDNA probe derived from exon 1 (FIG. 14A). This probe 
detected a 0.8 kb message in FR4 that was absent from other 
B-cell lines, and was shorter than the normal 2.5 kb message 
detectable in ER/EB cells (FIG. 14B). We cloned this tran 
script by RT-PCR of FR4 mRNA using primers derived from 
sequences at the 5' border of IRTA1 exon 1 and the 3' border 
of the Co. cytoplasmic exon (FIG. 14A). An RT-PCR product 
was obtained from FR4, but not from the DAKIKI cell line 
expressing wild-type surface IgA, or other cell lines lacking a 
t(1:14) translocation (data not shown). Direct sequencing 
analysis of the PCR product indicated that splicing had pre 
cisely linked IRTA1 and Ca at canonical splicing sites and 
determined that the fusion transcript was 820 bp long. 
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Analysis of the predicted protein product indicated that the 

IRTA1/Co. splicing had resulted in a fusion between the 
IRTA1 signal peptide and first two extracellular aminoacids, 
with the 32-amino acid long extracellular spacer, transmem 
brane domain and cytoplasmic tail of the membrane IgA 
(mIgA) receptor (FIG. 14C). To assay for the expression of 
this fusion protein in FR4 protein extracts, we used an anti 
body directed against extracellular aminoacid residues spe 
cific for the transmembrane isoform of CO. (Yu et al., 1990) 
for immunoprecipitation, followed by Western blotting. Our 
results demonstrated that FR4 cells, but not a control cell line 
(DAKIKI) expressing wild-type surface IgA, express a 9.8 
kDa protein consistent with the predicted size of IRTA1/CC. 
fusion protein (FIG. 14D). These results show that the trans 
located allele encodes a fusion protein, composed of the 
signal peptide and first two extracellular residues of IRTA1 
(17 aminoacids) fused to the CC encoded transmembrane 
and cytoplasmic domains (71 aminoacids). In contrast to 
IRTA1/Ca overexpression on der(14), no expression was 
detected in FR4 for the reciprocal Ca/IRTA1 transcript or for 
the intact IRTA2 gene on der(1). 

With the exception of FR4, IRTA1 mRNA expression was 
not detected in any other myeloma or lymphoma cell line, 
regardless of the status of its chromosomal band 1 q21 (data 
not shown). Thus, the IRTA1/Cafusion represents a rare event 
in 1q21 aberrations. 

Frequent Deregulation of IRTA2 Expression in Cell Lines 
Carrying 1 q21 Abnormalities 

In order to establish the physical relationship between 
other 1d21 breakpoints and the IRTA1/2 locus, we performed 
FISH analysis with the PAC 49A16 on our panel of BL and 
MM cell lines. Among ten BL cell lines analyzed, seven with 
dup(1)(cq21q32) and three with 1d21 translocations 
(AS283A, BL 104, BL 136), we detected three signals corre 
sponding to the IRTA1/IRTA2 locus in seven of the former 
and two of the latter, consistent with dup(1) (q21q32) in the 
first case and dup(1)(cq21q32) followed by a translocation 
breakpoint at 1 q21 in the second. (Table 1). FISH analysis of 
AS283A and BL 136, using probes spanning the IRTA locus 
and with neighboring genomic clones, placed the breakpoint 
of the derivative chromosomes outside the IRTA locus in both 

cell lines, at a distance of >800 kb towards the centromere in 
AS283A and >800 kb towards the telomere in BL136 (N.P. 
unpublished results). Consistent with this finding, analysis of 
30 cases of MM primary tumors by interphase FISH with the 
300-kb YAC23GC4 (FIG. 13), showed that 15 cases (50% of 
total analyzed) had more than two interphase FISH signals 
(data not shown), while double color FISH with two PAC 
clones flanking the YAC centromeric and telomeric borders 
detected no split of these two probes in any of the cases. These 
results indicate that, with the exception of FR4, the break 
points of 1q21 aberrations in BL or MM are not within or in 
close proximity to the genomic region defined by IRTA1 and 
IRTA2. However, the consistent outcome of either dup(1) 
(q21q32) (see Table 1) or dup(1)(cq21q32) followed by unbal 
anced translocations (AS283A, BL 136, XG2, XG7 in Table 
1) is partial trisomy or tetrasomy of the region of 1 q21 con 
taining the IRTA genes. 
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TABLE 1. 

Summary of karyotypic and FISH data on IRTAl/IRTA2 locus 

Copy IRTA2 
number of mRNA 

Tumour PAC IRTA locus expres 
type Cytogenetics 49A16 by FISH sion 

Burkitt 
Lymphoma 

AS283A er(4) t(1:4)(q21:Q35) der(4), 3 ------------ 
normal 1 

MC116 up1q21 up1q21 3 ------ 
CA46 up1q21 up1q21 3 ------ 
PA682 up1q21 up1q21 3 ---- 
BrggA up1q21 up1q21 3 ---- 
BL32 up1q21 up1q21 3 
BL92 up1q21 up1q21 3 ---- 
BL103 involup1q21 up1q21 3 -- 
BL104 t(1:3)(q21.p25) er(1) 2 -- 
BL136 er(1)(dipter1 q21:21) der(1) 3 ---- 
Multiple 
Myeloma 

XG2 er(1) t(1:2)(q21:2) er(1), 3 -------- 
normal 1 

er 19 to 1:19)(q12:2) er(19) 
XG7 er(9) t(1:9)(q12:2) er(9) 4 

er(19) to 1:19)(q12:2) der(19) 
er(1) t(1:2)(q21;?)x2 der(1)x2 

We then investigated whether these aberrations had an 
effect on IRTA2 mRNA expression. To this end, we used a 
cDNA probe corresponding to the IRTA2 5' untranslated 
region to screen a Northern blot with a panel of B-NHL and 
MM cell lines lacking or displaying 1 q21 chromosomal 
abnormalities. The results show that most (ten out of twelve) 
BL lines with normal liq21 chromosomes essentially lack 
IRTA2 expression, consistent with the fact that BL derive 
from GC centroblasts which normally lackIRTA2 expression 
(FIG. 15A, left panel). In contrast, most BL lines carrying 
1q21 abnormalities (ten out of twelve) clearly display IRTA2 
mRNA upregulation (FIG. 15A, right panel), ranging from 2 
to 50 fold over baseline levels detected in BL with normal 
1q21. Among myeloma cell lines, IRTA2 was overexpressed 
in one out of three lines displaying 1 q21 abnormalities 
(XG2), while it was expressed in none out of seven with 
normal 1g21 (FIG. 15B). 

These results show a strong correlation between the pres 
ence of 1 q21 chromosomal aberrations and deregulation of 
IRTA2 mRNA expression in BL and suggest that trisomies of 
the IRTA2 locus may deregulate its expression in this lym 
phoma Subtype (see Discussion). 
Discussion 

Efforts described herein to identify genes involved in chro 
mosomal aberrations affecting band 1q21 in Multiple 
Myeloma and B cell lymphoma, led to the discovery of 
IRTA1 and IRTA2, two founding members of a novel sub 
family of related receptors within the immunoreceptor fam 
ily; full length nucleic acid sequences encoding IRTA1 and 
IRTA2 proteins are provided herein, as are the amino acid 
sequences of the encoded IRTA1 and IRTA2 proteins. Sub 
sequently three additional genes of members of this subfam 
ily of related receptors were isolated, IRTA3, IRTA4, and 
IRTA5, the full length nucleic acid sequences of which are 
provided herein, as are the amino acid sequences of the 
encoded IRTA3, IRTA4, and IRTA5 proteins. These results 
have implications for the normal biology of B cells as well as 
for the role of 1 q21 aberrations in lymphomagenesis. 
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IRTA1 and IRTA2 are Founding Members of a New Subfam 
ily within the Ig Superfamily 

Several features shared between the two IRTA genes and 
their encoded proteins suggest that they form a new Subfamily 
within the immunoreceptor superfamily. First, they share a 
higher degree of homology with each other in their extracel 
lular domains than with other superfamily members both in 
their mRNA (68% identity) and protein (47% identity) 
sequence. Second, they share homology in their cytoplasmic 
domains, marked by the presence of ITAM-like and ITIM 
signaling motifs in the context of homologous aminoacid 
sequences. Third, IRTA1 and IRTA2 belong to a larger sub 
family of five genes displaying higher intrafamily homology 
and tight clustering within a ~300 kb region at 1 q21 (I. M. et 
al., manuscript in preparation). Their genomic organization 
Suggests that a common ancestral gene may have given rise to 
this subfamily, by a process of duplication and sequence 
divergence, similar to the mechanism proposed for the Fc 
receptor family (Qiu et al., 1990). 

In their extracellular domain, the IRTA proteins are closely 
related to the Fc receptor subfamily based on the high degree 
of aminoacid homology shared especially with the high affin 
ity FCGR1 receptor (37-45% aminoacid identity). A common 
evolutionary origin with Fc receptors is also suggested by the 
position of the IRTA family locus in the interval between the 
FCGR1 locus on 1q21 and the FCERI and FCGRII-IIIloci on 
1q21-q23. Finally, the IRTA and FCR genes share a similar 
exon/intron organization of the gene portion that encodes 
their signal peptide, in particular the two 5" leader exons with 
the sequences encoding the signal peptidase site located 
within the second 21-bp exon. 

Based on their cytoplasmic ITIM-like motifs, the IRTA 
proteins can be considered members of the Inhibitory Recep 
tor Superfamily (IRS), a group of receptors that block activa 
tion of many cell types in the immune system (Lanier, 1998). 
Such members include FCGRIIB and CD22 in the human 
(DeLisser et al., 1994) and PIR-B in the mouse (Kubagawa et 
al., 1997). Analogous to IRS members, the ITIM of IRTA1 
and IRTA2 are encoded by individual exons. A feature that 
many IRS members share is the existence of corresponding 
activating receptor isoforms whose cytoplasmic domains are 
devoid of ITIM (reviewed in Ravetch and Lanier, 1998). It is 
possible that the secreted isoform of IRTA2, which lacks 
ITIM-like motifs, fulfills an analogous role by counteracting 
the effect of the transmembrane isoform. 

Significant homology in the sequence and overall organi 
Zation of their extracellular portion is shared among the 
IRTA1 and IRTA2 proteins and the Cell Adhesion Molecule 
(CAM) subfamily members PECAM1, CD22 and BGP1. In 
addition, the ability of IRTA2 to generate three protein iso 
forms with distinct subcellular localization (a transmem 
brane, a GPI-linked or a secreted protein) by differential 
splicing is shared by NCAM, another member of the CAM 
subfamily (Dickson et al., 1987: Gower et al., 1988). Thus, 
the IRTA family is also related to the CAM family, as has been 
previously suggested for a member of the Fc receptor family 
(murine FCGR11) because of its homology to PECAM1 
(CAM, IRS family) (Daeron, 1991; Newman et al., 1990; 
Stockinger et al., 1990). 

In conclusion, the IRTA family may represent an intersec 
tion among the Fc. IRS and CAM families, combining fea 
tures from all three. Accordingly, IRTA proteins may have a 
role in the regulation of signal transduction during an immune 
response (like Fc receptors), intercellular communication 
(like members of the IRS and CAM families) and cell migra 
tion (like CAM family members) (DeLisser et al., 1994: 
Ravetch and Lanier, 2000). Initial experiments indicate that 
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IRTA1 can weakly bind heat aggregated IgA, while IRTA2c 
can specifically bind heat aggregated human serum IgG (with 
higher affinity for IgG and IgG), but not monomeric human 
IgG, IgA, IgM and IgE (data not shown). These initial data 
lend support to a functional relationship between the IRTA 
and the Fc receptor families, but do not exclude functions 
dependent on other ligands for the IRTA proteins. 
Differential Pattern of Expression of IRTA Genes in Mature B 
Cells 
The IRTA genes display a specific pattern of expression in 

various normal B cell compartments. IRTA1 is topographi 
cally restricted to B cells within the perifollicular region, 
which was originally named marginal Zone in the spleen, but 
is also detectable in most lymphoid organs (de Wolf-Peeters 
et al., 1997). The in situ hybridization data presented here 
have been confirmed by immunohistochemical analysis using 
anti-IRTA1 antibodies which show that the IRTA 1 protein is 
selectively expressed in marginal Zone B cells, and, among 
NHL, in marginal Zone lymphoma, the tumors deriving from 
these cells (G. Cattoretti et al., manuscript in preparation). On 
the other hand, IRTA2 has a broader pattern of expression that 
includes GC centrocytes, as well as a broad spectrum of 
perifollicular cells, which may include immunoblasts and 
memory cells. Initial data Suggest that the pattern of expres 
sion of IRTA3 is analogous to IRTA2, while IRTA4 and 
IRTA5 are selectively expressed in mantle Zone B cells (I. 
Miller et al., manuscript in preparation), the pre-GC compart 
ment of mature B cells (MacLennan, I. C., 1994). This topo 
graphic restriction of IRTA gene expression in lymphoid 
organs suggests that the IRTA molecules may play a role in 
the migration or activity of various B cell subpopulations in 
specific functional B cell compartments. In addition, IRTA 
expression should be useful for the differential diagnosis of 
NHL subtypes deriving from various B cell compartments, 
particularly IRTA1 in the diagnosis of marginal Zone lym 
phoma. 

IRTA1 Locus and 1q21 Abnormalities in MM 
In the FR4 cell line, the consequence of the t01:14) trans 

location is the formation of an IRTA1/Co. fusion gene. 
Despite the fact that this gene is driven by the IRTA 1 promoter 
region, which is normally silent in plasma cells, its expression 
is high in FR4, presumably due to the influence of the Co. 3' 
LCR, which is retained downstream of the Co. locus. The 
fusion gene encodes a IRTA1/CC. fusion protein which con 
tains only the signal peptide and first two amino acids of 
IRTA1 linked to the surface IgA receptor. The latter has been 
almost completely deprived of its extracellular domain, but 
retains all its transmembrane and intracellular domains. This 
structure indicates that the IRTA1/Co. fusion protein, though 
probably unable to bind any ligand, may retain the potential 
for dimerization and signaling. In particular, the membrane 
(m) IgA-derived extracellular portion contains a cysteine 
residue, which can be involved in disulphide bonds between 
two C-chains or between a-chains and associated proteins, 
such as the auxiliary surface receptor CD19 (Leduc et al., 
1997). The fusion protein also carries the intact, 14 amino 
acid mIgA cytoplasmic domain, which is highly conserved in 
evolution (Reth, 1992) and may play an essential role in the 
proliferation, survival and differentiation of mature B-cells, 
analogous to the role of mIgG and mIgE (Kaisho et al., 1997). 
Thus, the emergence of the IRTA1/Ca protein in FR4 may 
have provided the cells with a proliferative and survival 
advantage during tumor development through ligand (anti 
gen)-independent activation of the BCR pathway. This fusion 
event however, appears to be rare in B-cell malignancy, since 
so far we were able to detect it only in FR4 cells. 
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IRTA2 Locus and 1 q21 Abnormalities in MM and BL 
Abnormal expression of IRTA2 is a frequent consequence 

of 1 q21 abnormalities. Although this gene is not expressed 
normally either in centroblasts, the presumed normal coun 
terparts of BL (Kuppers et al., 1999), or in BL with normal 
1q21, its levels are upregulated on average by 10-fold in BL 
cell lines with 1d21 abnormalities. This deregulation appears 
to be specific for IRTA2 since all the other 4 IRTA genes 
present within 300 kb on 1q21 are either not expressed in BL 
(IRTA1), or their pattern of expression does not correlate with 
the presence of 1q21 abnormalities (IRTA3, 4, 5, not shown). 
The mechanism by which this deregulation occurs is difficult 
to ascertain in the absence of structural lesions within or 
adjacent to the IRTA2 gene. Since the heterogeneous aberra 
tions that affect 1 q21 all cause an excess copy number of the 
IRTA locus, it is possible that this may lead to regulatory 
disturbances, as is the case for low level amplification of 
BCL2 in FL lacking (14:18) translocations (Monni et al., 
1997), REL in diffuse large cell lymphoma (Houldsworth et 
al., 1996; Rao et al., 1998) and deregulation of Cyclin D1 in 
some MM cases with trisomy 11 (Pruneri et al., 2000). On the 
other hand, 1q21 abnormalities, including translocations and 
duplications, change the genomic context of the IRTA locus 
and may lead to deregulation of IRTA2 by distant cis-acting 
enhancer chromatin organizing elements acting on its pro 
moter as is the case for MYC in endemic BL (Pelicci et al., 
1986) and MM (Shou et al., 2000) and for CCND1 in mantle 
cell lymphoma (Bosch et al., 1994; Swerdlow et al., 1995) 
and MM (Pruneri et al., 2000). 
The biological consequences of deregulated IRTA2 

expression are difficult to predict at this stage. The observa 
tion that IRTA2 has homology with CAM adhesion receptors, 
together with its specific distribution in the light Zone of the 
GC Suggest that its ectopic expression in centroblasts may 
cause a disruption in the GC development and architecture. 
On the other hand, our initial observations that IRTA2 can 
bind IgG immune complexes comparably to bona fide Fc 
receptors suggest that its inappropriate expression may per 
turb the dynamics of cell surface regulation of B cell immu 
nological responses, possibly leading to clonal expansion. 
Deregulated expression of FCGR2B as a result of the t01:14) 
(q21:q32) in follicular lymphoma has been proposed to con 
tribute to lymphomagenesis in this tumor type (Callanan et 
al., 2000), by a mechanism involving escape by tumor cells of 
anti-tumor immune Surveillance through their Fc binding and 
inactivation of tumor specific IgG. Similar evasion mecha 
nisms have been observed in cells infected by Fc-encoding 
herpesvisures (Dubinet al., 1991). The role of IRTA2 deregu 
lation needs to be tested in 'gain of function’ transgenic mice 
constitutively expressing IRTA2 in the GC.. 
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Third Series of Experiments 

Chromosome 1 q21 is frequently altered by translocations 
and duplications in several types of B cell malignancy, includ 
ing multiple myeloma, Burkitt lymphoma, marginal Zone 
lymphomas, and follicular lymphoma. To identify the genes 
involved in these aberrations, cloned was the chromosomal 
breakpoint of a to 11:14)(c21:q32) in the myeloma cell line 
FR4. A 300 kb region spanning the breakpoint contains at 
least five highly related adjacent genes which encode Surface 
receptor molecules that are members of the immunoglobulin 
gene Superfamily, and thus called IRTA (Immunoglobulin 
Receptor Translocation Associated). The various IRTA mol 
ecules have from three to nine extracellular immunoglobulin 
Superfamily domains and are related to the Fc gamma recep 
tors. They have transmembrane and cytoplasmic domains 
containing ITIM-like and ITAM-like (ITRA-1, IRTA-3, 
IRTA-4) signaling motifs. In situ hybridization experiments 
show that all IRTA genes are expressed in the B cell lineage 
with distinct developmental stage-specific patterns: IRTA-1 
is expressed in a marginal B cell pattern. IRTA-2 is expressed 
in centrocytes and more mature B cells. As a result of the 
translocation in FR4, IRTA-1 is broken and produces a fusion 
transcript with the immunoglobulin locus. The IRTA-2 gene, 
normally silent in centroblasts, is overexpressed in multiple 
myeloma and in Burkitt lymphoma cell lines carrying 1 q21 
abnormalities. The data here suggests that IRTA genes are 
novel B cell regulatory molecules that may also have a role in 
lymphomagenesis. 
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18O 

Arg Ala Ser Ser Ser Thr 
195 

Cys Glu Thr Gln Leu Ser 
215 

Ser Lieu. Phe Arg Asp Ser 
23 O 

Pro Arg Lieu. Glin Ile Pro 
245 

Trp. Cys Glu Val Glu Thr 
26 O 

Arg Ser Glin Ile Arg Val 

t cacgcc cta 

titt ct cattg 

aaact CCaCC 

agggcttatt 

ctgctitt cag 

gactgaaaga 

gagatatgtc. 

Ile Lieu. 
1O 

Lieu. Luell 
25 

Ala Lieu 

Glin Ile 

Luell Ser 
90 

Glin Ala 
105 

Gln Gly 

Gly Lys 

Ser Wall 

Phe Tyr 
17O 

Wall Glin 
185 

Pro Ile 

Pro Glin 

Gn. Thir 

Ala Met 
250 

Wall. Thir 
265 

Glin Arg 

Thir 

Luell 

Ile 

Tyr 

Thir 

Asp 

Luell 

Lys 

Glin 

Ser 
155 

Ile 

Glu 

Glu 

Arg 

Luell 
235 

Trp 

His 

Wall 
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tgcagttctg agaaggtgga 

ggagagtaag 

Ctaatgtggg 

citt cotcaag 

acgcaaactg 

aac tatgcta 

agcct ctaca 

Pro 

Asn 

His 
6 O 

Glu 

Ala 

His 

Asp 

Lell 
14 O 

Arg 

Lell 

Lell 

Gly 

Pro 
22O 

Gly 

Thir 

Ser 

Pro 

Gly 

Pro 

Ser 
45 

Asp 

Pro 

Wall 

Pro 

Asn 
125 

Pro 

Asp 

Asp 

Phe 

Ser 

Asp 

Lell 

Glu 

Ile 

Wall 
285 

Arg 

Pro 

Ser 

Glu 

Gly 

His 

Wall 
11 O 

Asn 

Asn 

Ile 

Luell 
19 O 

Pro 

Wall 

Gly 

Asp 

Lys 
27 O 

Ser 

gtacc cc cat 

tgg accc cat 

taagggggala 

aaaaatggct 

ttggatcto c 

gtcacaa.gag 

Glu Glin 
15 

Trp Ser 

Ile Ser 

Llys Lieu. 

Asn Tyr 
8O 

Wall Glu 
95 

Phe Glu 

Asn. Thir 

Ser Tyr 

Ser Lys 
160 

Glu Wall 
17s 

His Pro 

Met Thr 

Gln Lieu. 

Trp Ser 
24 O 

Ser Gly 
255 

Asn. Wall 

492 O 

498O 

5040 

516 O 

522 O 

528 O 

54 



Asn 

Met 
3. OS 

Ser 

Arg 

Ala 

Ser 

Lell 
385 

Glu 

Phe 

Gly 

Wall 
465 

Arg 

Glu 

Ser 

Glu 
5.45 

Asn 

Ile 

Lell 

Thir 

Ser 
625 

Lell 

Asp 

Glu 

Thir 

Gly 

Luell 
29 O 

Wall 

Trp 

Ser 

Gly 

Thir 
37 O 

Thir 

Luell 

Gly 

Ser 
450 

Ser 

Ala 

Glu 

Asp 

Phe 
53 O 

Ala 

Wall 

Thir 

Luell 

Gly 
610 

Arg 

Ala 

Ser 

Asn 

Wall 
69 O. 

Glu 

Glu 

Luell 

His 

Luell 

Arg 
355 

Trp 

Phe 

His 

His 

Ala 
435 

Luell 

Pro 

Ser 

Asp 
515 

Asn 

Asp 

Thir 

Gly 

His 
595 

Thir 

Pro 

Pro 

Asn 

Ser 
675 

Luell 

Ala 

Ile 

Ile 

Luell 
34 O 

Ile 

Arg 

Glu 

Ser 

Asp 

Arg 

Gly 

Luell 
SOO 

Thir 

Luell 

Asn 

Gly 

Luell 

Ser 

Ser 

Met 

Pro 
660 

Ala 

Ser 

Arg 

Glu 
3.25 

Ala 

Tyr 

Arg 

Ala 

Glu 
4 OS 

Asp 

Phe 

Ala 

Wall 

Ala 
485 

Arg 

Lell 

Ser 

Gly 

Thir 
565 

Wall 

Ala 

Ser 

Arg 

Glu 
645 

Ile 

Asn 

Ser 

Ser 

Pro 

Ser 
310 

Gly 

Glu 

Wall 

Pro 
390 

Ser 

Wall 

Asn 

Asp 

Thir 
470 

Glin 

Gly 

Gly 

Lell 

Lell 
550 

Ser 

Lell 

Arg 

His 

Ile 
630 

Lell 

Glu 

Arg 

55 

Thir 
295 

Wall 

Arg 

Lell 

Ala 

Thir 
375 

Arg 

Lell 

Thir 

Lell 

Asn 
45.5 

Wall 

Ala 

Ser 

Asn 

Thir 
535 

Gly 

Arg 

Ser 

Ala 

Ser 
615 

Asp 

Glu 

Ser 

Pro 

Lell 
695 

Gly 

Gly 

Ala 

Wall 

His 

Ala 
360 

Wall 

Ala 

Arg 

Luell 

Ser 
44 O 

Gly 

Pro 

Wall 

Phe 

Ile 

Thir 

Ala 

Asn 

Ile 

Arg 

Pro 

Pro 

Pro 

Glin 

Met 

Arg 

Gly 

Glin 

Arg 

Wall 
345 

Asp 

Arg 

His 

Gly 

Gly 
425 

Luell 

Luell 

Wall 

Wall 

Pro 
505 

Ser 

Glu 

Glin 

Arg 

Luell 
585 

Arg 

Ser 

Glin 

Met 

Ile 
665 

Met 

Ala 

Glin 

Gly 

Ser 
330 

Luell 

Asn 

Ile 

Thir 

Ser 

Asn 

Thir 

Gly 

Ser 

Gly 
490 

Ile 

Ala 

His 

His 

Thir 
st O 

Wall 

Glu 

Glu 

Tyr 
650 

Trp 

His 

Thir 

His 

Luell 

Ser 
315 

Luell 

Thir 

Wall 

Pro 

Wall 
395 

Pro 

Ser 

Ala 

Ala 

Arg 

Asp 

Luell 

His 

Ser 

Ser 
555 

Gly 

Luell 

Pro 

Cys 

Pro 
635 

Ser 

Ser 

Glin 

His 

Glu 
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Ile 
3 OO 

Gly 

Gly 

Wall 

His 

Wall 

Wall 

Pro 

Ser 

Glu 

Glin 
460 

Pro 

Lell 

Ser 

Gly 
54 O 

Lell 

Ala 

Gly 

Glin 

Thir 

Asn 

Ile 

Glu 

Pro 
7 OO 

Glu 

Glu Gly Glu 

Thir 

Arg 

Ser 
365 

Ser 

Gly 

Ile 

Ala 

His 
445 

His 

Wall 

Lell 

Trp 

Gly 
525 

Asn 

Wall 

Thir 

Ala 

Gly 
605 

Glu 

His 

Wall 

Glin 

His 
685 

Asp 

Asp 

Wall 

Glu 
35. O 

Pro 

His 

Asp 

Luell 

Pro 
43 O 

Ser 

Ser 

Luell 

Glu 

Phe 

Gly 

Tyr 

Wall 

Ala 

Ala 
59 O 

Luell 

Pro 

Ser 

Asn 

His 
67 O 

Glu 

Asp 

Asp 

Thir 

Thir 
335 

Ser 

Ile 

Pro 

Luell 

Tyr 
415 

Ser 

Gly 

His 

Thir 

Luell 
495 

Gly 

Ser 

Thir 

Ala 
sts 

Ala 

Ser 

Ser 

Pro 
655 

Thir 

Glu 

Ser 

Glu 

Asn 

Phe 

Glin 

Asp 

Luell 

Wall 

Luell 
4 OO 

Arg 

Gly 

Asn 

Gly 

Luell 

His 

His 

Ala 

Luell 
560 

Gly 

Ala 

Ala 

Ser 

Pro 
64 O 

Gly 

Luell 

Ala 

Glu 

56 





aggaact tcc 

catcct cqtc 

aggaggactt 

Ctcgtc.cagg 

aatggagctg 

ccagatctgg 

agagcatgag 

tgcaggggag 

gaatgtacca 

ggaalacagcc 

agacitctgcc 

aatcto CCCt 

gCactgtgtt 

ggctgtcgaa 

gaccatttga 

to Caaatatt 

aggalacagaa 

Cttgctgctg 

tctgcc actg 

cct tcc agga 

gagccalatgt 

agcatc.ca.gc 

gaacttacag 

gctago agca 

cgtgtattac 

tgcaccattt 

t cctacgagg 

gtgcct gatc 

attitt cacag 

tagaggagga 

tccaagtgtg 

ttgttt coct 

tatatgctgt atccttgcta 

<210 SEQ ID NO 7 
&211s LENGTH: 508 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OO > SEQUENCE: 7 

59 

caggccttac 

ctgctgct ct 

gaa catctag 

tag accctica 

acagcaatgt 

atacaaaaga 

t cott citat to 

gaggc agggc 

tggcct caga 

tttitt totgt 

Ctgggctgca 

tgttgttgttcc 

tggagacacg 

gagagaaatg 

atcgaaagct 

ttitttgttgttg 

c catattggg 

Homo sapiens 

Met Lieu. Lieu. Trp Ser Lieu. Lieu Val 
1. 

Ala 

Ser 

Met 

Ser 
65 

Phe 

Ile 

Ala 

Glu 

Phe 
145 

Glu 

Ser 

Asp 

Ile 

Ala 
SO 

Asp 

Wall 

Ser 

Thir 
13 O 

Phe 

Luell 

Glin 

Ser 

Wall 
35 

Phe 

Ser 

Ser 
115 

Arg 

Arg 

Glin 

Ala 

Ile 

5 

Lieu. Thir Lieu Wall Ala 

Lieu Lys Cys Glin Gly 
4 O 

His Lys Asp Asn Lys 
55 

Lieu. Ile Glin Ser Ala 
70 

Thir Lys Gly Glin Lieu 
85 

Ile Llys Val Glin Glu 

Phe Glin Pro Ile Glu 
12 O 

Lieu. Ser Pro Glin Arg 
135 

Glu ASn Glin Wall Lieu 
150 

Ile Ser Ala Val Trp 
1.65 

Glu Thir Wall. Thir His 
18O 

His Val Glin Arg Ile 

cgctg.cggga 

gctgcattac 

t cacagt cct 

agagcc.cact 

aaatcCtgga 

aaact cagot 

agaactgaag 

c catgaagaa 

c cactagocc 

tot Ct CCaac 

ggg tatgttga 

cCaggaagag 

tggcaaggca 

gtctago cag 

gttaatgtgc 

gctgg tagtg 

Ile Phe Asp 
1O 

Pro Ser Ser 
25 

Glu Glin Asn 

Glu Lieu. Ser 

Wall Lieu. Ser 
7s 

Phe Leu Trp 
90 

Lieu. Phe Glin 
105 

Gly Gly Pro 

Lieu. Asp Wall 

Gly Ser Gly 
155 

Ser Glu Asp 
17O 

Arg Ile Arg 
185 

Pro Ile Ser 
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at Cacggggc tiggtgct cag 

gcc agggccC 

agtgagtgtc. 

CactCtaaac 

gatagcaac C 

aattgtc.caa 

aagacacacc 

gatgatgaag 

cittacccaga 

Cacacat Cat 

ggctgagcaa. 

agcaggcagc 

ggagggcc.ct 

ggttaca agg 

t citctgtata 

gcattgctga 

Ala 

Wall 

Trp 

Wall 
6 O 

Asp 

Asp 

Arg 

Wall 

Glin 
14 O 

Trp 

Thir 

Asn 

Wall 

Phe 

Lys 
45 

Phe 

Ser 

Pro 

Ser 
125 

Lell 

Ser 

Gly 

Glin 

Wall 

Thir 

Glu 
3O 

Ile 

Gly 

Thir 

Wall 
11 O 

Luell 

Glin 

Ser 

Ser 

Ser 
19 O 

Ser 

gaaggaalacc 

aggagcctt C 

cactago ccc 

cgatttatt c 

tgatgcatca 

Cagacgactic 

aaaactatoga 

gtggcc.caca 

c catc. to tcc. 

alaggt ctgca 

citctgagcaa 

cagct cotag 

gcacaat cat 

aacaatttgc 

tgttittggtg 

Glu Glin 
15 

Gly Asp 

Gln Lys 

Llys Phe 

Asn Tyr 
8O 

Ser Asn 
95 

Lieu. Thir 

Phe Cys 

Ser Pro 
160 

Tyr Trp 
17s 

Lieu. Glin 

Lieu. Glu 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

297 O 

60 



Ile 

Lell 
225 

Arg 

Ser 

Wall 

Arg 
3. OS 

Glu 

Ser 

Glu 

Ser 
385 

Wall 

Lell 

Asn 

Ser 

Wall 
465 

Glin 

Asp 

Arg 
21 O 

Glu 

Ala 

Asn 
29 O 

Ser 

Glu 

Asp 

Phe 

Ala 
37 O 

Ile 

Luell 

Luell 

Glu 

Ser 
450 

Gly 

Glin 

Ser 

195 

Ala 

Ser 

Ala 

Glu 

Cys 
27s 

Ile 

Pro 

Ala 

Wall 

Asn 
355 

Asn 

Ser 

Trp 

Tyr 

Pro 
435 

Pro 

Ser 

Pro 

Glin 

61 

2OO 

Pro Gly Gly Glin Val 
215 

Val Ala Gly Gly Thr 
23 O 

Thr Gly Thr Ser Met 
245 

Lieu. Glu Ile Pro Ala 
26 O 

Arg Ala Asp Asn Gly 

Pro Val Arg Ile Pro 
295 

Gly Ala Glin Ala Ala 
310 

Lieu. Arg Gly Ser Pro 
3.25 

Thr Lieu. Gly Asn Ser 
34 O 

Lieu. Ser Lieu. Thir Ala 
360 

Asin Gly Lieu. Gly Ala 
375 

Gly Pro Asp Gly Tyr 
390 

Gly Lieu Phe Gly Val 
4 OS 

Ala Lieu. Phe His Lys 

Arg Gly Ala Ser Arg 
44 O 

Thr Pro Asp Met Glu 
45.5 

Val Asp Val Asp Val 
470 

Glu Ser Ser Ala Asn 
485 

Val Ile Tyr Ser Ser 
SOO 

<210s, SEQ ID NO 8 
&211s LENGTH: 258 O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 8 

tggtgaccala gagtacat ct 

cattgctggit 

cctcittctgt 

aaattcagaa 

cagatttic ct 

aaggacaact 

catctittgat 

Cttctgaagga 

gatggCttac 

tat coaaagt 

Ctttctictogg 

Cttitt Caaat 

gcagt cactg 

gacagcatcg 

Catalaggata 

gcagttittaa 

gataaaactt 

Thr Glu Gly 

Gly Asn Val 
235 

Gly Lys Llys 
250 

Val Lys Glu 
265 

His Wall Pro 

Val Ser Arg 

Val Gly Asp 
315 

Pro Ile Lieu. 
330 

Ser Ala Pro 
345 

Glu. His Ser 

Gln Cys Ser 

Arg Arg Asp 
395 

Leu Gly Phe 
41O 

Ile Ser Gly 
425 

Pro Asn. Pro 

Glu Lieu. Glin 

Val Tyr Ser 
47s 

Ile Arg Thr 
490 

Val Llys Llys 
505 

agctggatta 

aac aggcaga 

ttctgaaatg 

acaaagagtt 

gtgacagtgg 

caaatatagt 
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Glin 
22O 

Thir 

Thir 

Ser 

Ile 

Pro 
3 OO 

Lell 

Tyr 

Ser 

Gly 

Glu 

Lell 

Thir 

Glu 

Glin 

Pro 
460 

Glin 

Lell 

Ser 

2O5 

Lys 

Phe 

Glin 

Asp 

Glin 
285 

Wall 

Lell 

Glin 

Gly 

Asn 
365 

Ala 

Met 

Gly 

Ser 

Glu 
445 

Wall 

Wall 

Lell 

Luell 

Ser 

Arg 

Ala 
27 O 

Ser 

Luell 

Glu 

Phe 

Gly 
35. O 

Wall 

Thir 

Wall 

Ser 
43 O 

Phe 

Trp 

Glu 

ggtcct catg 

titcgctgacc 

cCagggagaa 

atctgttitt c 

talactattt C 

aaagataaaa 

Ile Lieu. 

Trp Tyr 
24 O 

Ser Luell 
255 

Gly Lys 

Llys Val 

Thir Lieu. 

Lieu. His 
32O 

Tyr His 
335 

Gly Ala 

Ser Cys 

Pro Wall 

Ala Gly 
4 OO 

Ala Lieu 
415 

Ala Thr 

Thr Tyr 

Wall Asn 

Ser Met 
48O 

Asn Lys 
495 

Ctgctgtggit 

Cttgttggcgc 

Cagaactgga 

aaaaaattct 

tgtag tacca 

gtccalagagc 

6 O 

12 O 

18O 

24 O 

3OO 

360 

62 





<4 OOs, SEQUENCE: 

Met Leu Pro Arg 
1. 

Ala 

Pro 

Glin 

Trp 
65 

Thir 

Arg 

Wall 

Arg 

Phe 
145 

Glin 

Asp 

Pro 

Ile 

Lell 
225 

Trp 

Gly 

Asn 

Ala 

Lell 
3. OS 

Thir 

Arg 

Glu 

Tyr 
385 

Thir 

Glu 

Wall 

Phe 
SO 

Ser 

Gly 

Ser 

Ser 

Luell 
13 O 

Luell 

Arg 

Ala 

Ser 

Luell 
21 O 

Glu 

Phe 

Gly 

Tyr 

Wall 
29 O 

Thir 

Wall 

Ser 

Phe 

Glu 
37 O 

His 

Luell 

Thir 
35 

Glin 

Ser 

Ser 

Arg 

Luell 
115 

Wall 

Trp 

Ser 

Glu 

Gly 
195 

Met 

Luell 

Gly 

Ser 
27s 

Thir 

Ser 

Ala 

Ala 

Thir 
355 

Asn 

Asn 

Met 

Phe 
2O 

Luell 

Phe 

Ser 

Arg 
1OO 

Glu 

Luell 

Luell 

Glin 
18O 

Luell 

Luell 

His 

His 

Ala 
26 O 

Luell 

Gly 

Luell 

Arg 
34 O 

Wall 

Glin 

Glu 

9 

Lell 

Lell 

Thir 

Pro 

Trp 
85 

Ser 

Thir 

Ile 

Lys 

Thir 
1.65 

Tyr 

Wall 

Arg 

Glu 
245 

Ser 

Glu 

Asn 

Wall 

Lell 
3.25 

Asp 

Lell 

Asn 

Pro 

Asp 

Lell 

Ile 

Phe 

Lys 
70 

Glin 

Glin 

Gly 
150 

Ala 

Ser 

Ala 

Glu 
23 O 

Asp 

Phe 

Ala 

Phe 

Ile 
310 

Phe 

Pro 

Asn 

Wall 

Glu 
390 

65 

Lell 

Ala 

Phe 
55 

Lell 

Glu 

Ile 

Pro 

Ser 
135 

Ala 

Glu 

Ile 

Pro 
215 

Ala 

Ile 

Asn 

Asn 

Thir 
295 

Glu 

Lell 

Ser 

Wall 
375 

Glin 

Wall 

Luell 

Ser 

Met 
4 O 

Arg 

Glin 

Ala 

Asn 

Pro 
12 O 

Wall 

Wall 

Wall 

Thir 

Arg 

Luell 

Thir 

Luell 

Asn 

Wall 

Gly 

Arg 

Pro 
360 

Ser 

Glu 

Ser 

Ile 

Pro 
25 

Pro 

Asp 

Ile 

Glin 

Wall 
105 

Gly 

Ala 

Gly 

Glu 

Ala 
185 

Wall 

Ala 

Arg 

Luell 

Ser 
265 

Gly 

Pro 

Luell 

Gly 

Ser 
345 

Thir 

Gly 

Ser 

Luell 

Cys 

Ser 

Phe 

Thir 

Ala 

Thir 
90 

His 

Gly 

Met 

Luell 

Ile 
17O 

Glu 

Arg 

Glin 

Gly 

Gly 
250 

Luell 

Luell 

Thir 

Luell 

Luell 
330 

Luell 

Pro 

Asp 

Wall 

Asp 

Ala 

His 

Luell 

Arg 

Ala 

Met 

Arg 

Glin 

Gly 

ASn 
155 

Pro 

ASn 

Ile 

Ala 

Ser 
235 

Ser 

Thir 

Gly 

Gly 

Ser 
315 

Lys 

Pro 

Gly 

Glu 

Ala 
395 

Ile 

US 7,863,424 B2 

- Continued 

Pro 

Pro 

Glin 

Ala 
6 O 

Met 

Ala 

Wall 

Wall 

Thir 
14 O 

Lell 

Ser 

Gly 

Pro 

Ala 

Pro 

Arg 

Glu 

Ala 

Ala 
3 OO 

Thir 

Arg 

Ser 

Glin 

Wall 

Ala 

Lell 

Thir 

Ser 
45 

Lell 

Trp 

Ser 

Pro 

Met 
125 

Gly 

Glin 

Wall 

Tyr 

Wall 

Wall 

Pro 

Ser 

Glu 

Glin 
285 

Arg 

Lell 

Pro 

Lell 
365 

Glu 

Ser 

Glu 
3O 

Ser 

Gly 

Wall 
11 O 

Glu 

Asp 

Ser 

Arg 

Gly 
19 O 

Ser 

Glu 

Ile 

Ala 

His 
27 O 

Arg 

Ser 

Gly 

Ile 

Luell 
35. O 

Glin 

Ser 

Thir 

Arg 

Glu 
15 

Gly 

Asp 

Pro 

Glu 

Wall 
95 

Ala 

Gly 

Ile 

Glu 
17s 

Pro 

Arg 

Asp 

Luell 

Pro 
255 

Ser 

Ser 

Asn 

Pro 

Gly 
335 

Pro 

Pro 

Luell 

Luell 

Luell 

Pro 

Ser 

Ala 

Gly 

Asp 

Luell 

Asp 

Asp 

Thir 

Thir 
160 

Ser 

Ser 

Pro 

Wall 

Tyr 
24 O 

Ser 

Gly 

Glu 

His 

Ala 

Arg 

Glin 

Ile 

Ala 

Gly 
4 OO 

Arg 

66 









Glu 
65 

Gly 

Arg 

Wall 

Glu 

Ile 
145 

Asn 

Phe 

Pro 

Asn 

Lell 
225 

Ser 

Gly 

His 

Wall 

Met 
3. OS 

Phe 

Glin 

His 

Glin 

Asp 
385 

Ile 

Gly 

Pro 

Ser 

Glu 
465 

SO 

Luell 

Luell 

Phe 

Lys 
13 O 

Ser 

Asn 

Arg 

Glu 

Luell 
21 O 

His 

Thir 

Ser 

Ser 

Luell 
29 O 

Luell 

Ser 

Arg 

Ala 

Ser 
37 O 

Gly 

Luell 

Wall 

Gly 

Luell 
450 

Ile 

Luell 

Tyr 

Luell 

Glu 
115 

Luell 

Asn 

Gly 

Ser 

Luell 
195 

Ser 

Phe 

Pro 
27s 

Luell 

Wall 

Trp 

Ser 

Gly 
355 

Met 

Luell 

Ala 

Gly 

Glu 
435 

Tyr 

Glin 

Thir 

Arg 

Phe 

Gly 

Thir 

Asn 

Asn 
18O 

Asn 

Pro 

Trp 
26 O 

Ser 

Glu 

Luell 

His 

Luell 
34 O 

Gly 

Wall 

Wall 

Wall 

Phe 

Ser 

Wall 

Thir 

Lell 

Cys 
85 

Ser 

Asp 

Ala 

Ser 

Tyr 
1.65 

Phe 

Ala 

Glu 

Phe 

Glu 
245 

Cys 

Lell 

Thir 

Wall 

Arg 
3.25 

Arg 

Tyr 

Lell 

Ala 

Ala 
4 OS 

Lell 

Ser 

Asp 

Thir 

Thir 
70 

Glin 

Ser 

Thir 

Wall 

Trp 
150 

Arg 

Thir 

Thir 

Phe 
23 O 

Lell 

Asn 

Ala 
390 

Lell 

Gly 

His 

Wall 

Glin 
470 

73 

55 

Pro 

Ala 

Asp 

Lell 

Lys 
135 

Asp 

Ile 

Asp 

Glin 
215 

Arg 

Glin 

Ala 

Ile 

Pro 
295 

Ser 

Asp 

Glu 

Wall 
375 

Gly 

Lell 

Asp 

Ser 

His 
45.5 

Lell 

Gly 

Arg 

Ser 

Wall 
12 O 

Luell 

Ile 

Ile 

Ser 

Luell 

Asp 

Luell 

Glu 

His 
28O 

Ser 

Wall 

Met 

Luell 

Thir 
360 

Thir 

Ala 

Phe 

Glu 

Ile 
44 O 

Pro 

Gly 

Asn 

Gly 

Luell 
105 

Luell 

Thir 

Luell 

Gly 

Lys 
185 

Glin 

Pro 

Gly 

Pro 

Thir 
265 

Wall 

Gly 

Ala 

Glin 

Glu 
345 

Ala 

Wall 

Thir 

His 

Thir 
425 

Glu 

Thir 

Ser 
90 

Ile 

Arg 

Trp 

Ile 

Tyr 
17O 

Ile 

Pro 

Pro 

Glu 

Thir 
250 

Wall 

Glin 

Gly 

Glu 

Glu 
330 

Luell 

Asp 

Arg 

Gly 

Cys 

Arg 

Pro 

Glu 

Luell 

Pro 

Luell 

Cys 

ASn 

Pro 
155 

Gly 

Glin 

Thir 

Glu 

Wall 
235 

Wall 

Arg 

Arg 

Glin 

Gly 
315 

Ser 

Pro 

ASn 

Glu 

Gly 
395 

Trp 

Luell 

Ala 

Gly 

Glu 
47s 
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6 O 

Glu 

Arg 

Glin 

His 

Gly 
14 O 

Glin 

Asp 

Glu 

Glu 

Arg 

Ile 

Trp 

Gly 

Ile 

Ala 
3 OO 

Thir 

Lell 

Ala 

Ser 

Thir 

Lell 

Arg 

Pro 

Glin 

Asp 
460 

Glu 

Wall 

Ser 

Ala 

Arg 
125 

Asn 

Ala 

Glu 

Lell 

Gly 

Ser 

Lell 

Arg 

Asn 

Pro 
285 

Wall 

Gly 

Gly 

Ile 

Tyr 
365 

Pro 

Lell 

Arg 

Pro 

Wall 
445 

Lell 

Ala 

Arg 

Asn 

Pro 
11 O 

Arg 

Ile 

Ser 

Asn 

Phe 
19 O 

Asn 

Asp 

Ser 

Glu 

Ile 
27 O 

Wall 

Glu 

Asp 

Arg 

Arg 
35. O 

Gly 

Gly 

Ser 

Arg 

Ala 
43 O 

Glu 

Wall 

Asn 

Glu 

Pro 
95 

Arg 

Luell 

Ser 

Asp 
17s 

Pro 

Ser 

Thir 

Asp 

Asn 
255 

His 

Ser 

Gly 

Thir 

Lys 
335 

Glin 

Pro 

Asn 

Ala 

Lys 
415 

Pro 

Luell 

Thir 

Ser 
8O 

Wall 

Ser 

Ser 

Asn 
160 

Wall 

His 

Wall 

Pro 

Trp 
24 O 

Ser 

Gly 

Glu 

Thir 

Thir 

Ser 

Wall 

Arg 

Luell 
4 OO 

Ser 

Gly 

Glin 

Ser 

Ser 
48O 

74 





C ccc.gagagg 

gcagct cagc 

Ctggaalacta 

cact cagtgt 

aggctgttggit 

t cct gtactg 

gaggggcctic 

Cagacaatgg 

gggccCtgcc 

aaatggagcc 

gcctgcagaa 

tgtttcc.cag 

ttttittagaa 

attctgagca 

citct cattga 

tgttcc titac 

< 4 OOs 

citc. tcc cc ca. 

c cc ct ctdga 

Ct catgtgag 

tatagttcca 

gggggacct 

gttittat cat 

Ctt Caacctic 

tctggaggcc 

Caccagcagc 

acagagct Co 

cct coctdtg 

cagt cittctt 

Cataalactat 

tatgtttctic 

cittctaagaa 

attitcCaCat 

SEO ID NO 17 
LENGTH: 759 
TYPE : 

ORGANISM: Homo sapiens 
PRT 

SEQUENCE: 17 

77 

atcct gtact 

ggaga agctt 

gccaacaatg 

gtat citcgt.c 

Ctggagct tc 

gaagatgtca 

t citctgacta 

Cagcgcagtg 

a catctgaga 

t cagggctgt 

aaagttcticgg 

gaagatgatc 

attctgaact 

tgc.cgtagaa 

gcc to tactic 

taaaaatcCt 

Met Lieu. Lieu. Trp Val Ile Lieu. Lieu. 
1. 

Phe 

Thir 

Phe 

Glu 
65 

Gly 

His 

Wall 

Wall 

Lell 
145 

Asn 

Ser 

Wall 

Ala 

Wall 

Tyr 
SO 

Ile 

Glu 

Luell 

Phe 

Thir 
13 O 

Asn 

Gly 

Ser 

Luell 

Arg 

Phe 
35 

Ser 

Luell 

Asp 

Glu 
115 

Luell 

Ala 

Asn 

Arg 
195 

5 

Thr Pro Arg Pro Ile 

Glin Gly Glu Arg Val 
4 O 

Pro Gln Lys Thr Lys 
55 

Arg Glu Thr Pro Asp 
70 

Arg Cys Glin Ala Glin 
85 

Phe Ser Ser Ala Ser 

Gly Asp Ser Val Val 
12 O 

Asn Asn. Thir Ile Tyr 
135 

Arg Thr Asp Phe His 
150 

Tyr Arg Cys Thr Gly 
1.65 

Thr Val Lys Ile Glin 
18O 

Ala Ser Ser Phe Glin 

ggttittatca 

ct t t calacct 

gcc tagtggc 

CCatCct CaC 

actgtgaggc 

CCCtgggtaa 

cagaacattc 

agatggtgac 

actgactgtg 

ttgcttgttgt 

atcctttgttg 

aaag.cacctic 

gaaattatta 

aggattaagc 

ttgagt citct 

atgttaacga 

Wall 

Ile 
25 

Thir 

Trp 

Asn 

Gly 

Luell 
105 

Luell 

Ile 

Wall 
185 

Pro 

Luell 
1O 

Phe 

Luell 

Ile 

Ser 
90 

Ile 

Arg 

Asn 

Pro 

Lys 

Glin 

Ile 

Ala 

Luell 

Thir 

His 

Luell 

Pro 

Luell 

Asp 

His 
155 

Glu 

Glu 

Ser 

US 7,863,424 B2 
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tgaggatgtc. 

citct citgact 

Ccagcacagt 

Ctt Cagggct 

Cctgagaggc 

gat ct cago c 

tggaatctac 

actgaaagtt 

cctgttctoc 

ggcatcc cag 

gtatggttcC 

actaaaaatg 

Catgaaaatg 

tgtttcttgt 

tt cattactg 

aaaaa. 

Pro 

Glin 

Arg 
6 O 

Glu 

Lell 

Glin 

Arg 

Asn 
14 O 

Ala 

Ser 

Pro 

Gly 

Wall 

Pro 

Lys 
45 

Wall 

Ser 

Ala 

Ala 
125 

Wall 

Phe 

Asn 
2O5 

Ser 

Pro 

Gly 

Luell 

Glin 

Ser 

Pro 
11 O 

Luell 

Luell 

Thir 
19 O 

Pro 

accctgggga 

gCagalacatt 

gacacaatat 

CCC agggcc C 

to CtcCC Cala 

CCCtctggag 

t ccttgagg 

gCaggtgagt 

Ctgcagctga 

Cacactt CCt 

aggaatctga 

caaataagac 

aaaccaaaga 

ccggatt citt 

gggatgtaaa 

Gly Glin 
15 

Trp Thr 

Phe Arg 

Gly Lys 

Glu Ser 

Pro Wall 
95 

Luell Ser 

Ala Glu 

Ala Phe 

160 

Pro Wall 
17s 

Arg Pro 

Wall. Thir 

1920 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

2805 

78 



Lell 

Arg 
225 

Lell 

Phe 

Ser 

Lell 

Thir 
3. OS 

Phe 

Arg 

Wall 

Ser 
385 

Glu 

Ala 

Ala 

Ser 
465 

Glu 

Glin 

Pro 

Phe 

Asn 
5.45 

Wall 

Ala 

Ser 

Ser 

Thir 
21 O 

Phe 

Ser 

Pro 

Thir 
29 O 

Luell 

Ser 
37 O 

Ser 

Glu 

Asp 

Ile 

Thir 
450 

Ile 

Ala 

Arg 

Luell 

Ser 
53 O 

Gly 

Pro 

Wall 

Pro 

Ser 
610 

Arg 

Pro 

Trp 

Arg 

Luell 

His 

His 

Ala 

Cys 
355 

Luell 

Pro 

Ala 

Ala 

Ser 
435 

Asp 

Thir 

Luell 

Gly 

Trp 
515 

Luell 

Phe 

Wall 

Wall 

Pro 
595 

Ser 

Glu 

Phe 

Asn 

Cys 
26 O 

Ser 

Ser 

Glu 

Ser 
34 O 

Thir 

Ser 

Glu 

Glin 

Ala 

Phe 

Asn 

Wall 

Thir 

Ser 
SOO 

Ser 

Thir 

Gly 

Ser 

Gly 

Ile 

Ala 

Thir 

Phe 

Phe 
245 

Lys 

Trp 

Pro 

Glu 

Gly 
3.25 

Ile 

Ala 

Wall 

Asp 

Arg 
4 OS 

Lell 

Ser 

Gly 

Pro 

Phe 
485 

Pro 

Ser 

Glu 

Pro 

Arg 
565 

Asp 

Lell 

Pro 

Glin 

Arg 
23 O 

Glin 

Ala 

Ile 

Glu 

Thir 
310 

Wall 

Ser 

Asp 

Thir 

Lell 
390 

Gly 

Glu 

Lell 

Phe 

Wall 
470 

Glu 

Glin 

Ser 

Gly 

Glin 
550 

Pro 

Lell 

Tyr 

Ser 

79 

Lell 
215 

Asp 

Ile 

Ala 

Glin 

Lys 
295 

Glin 

Pro 

Phe 

Asn 

Wall 
375 

Ile 

Ser 

Arg 

Thir 

Gly 
45.5 

Ser 

Gly 

Ile 

Thir 

His 
535 

Arg 

Ile 

Lell 

Trp 

Gly 
615 

Ser 

Asp 

Thir 

Thir 

Wall 

Ala 

Glu 

Luell 

Ser 

Gly 
360 

Pro 

Phe 

Luell 

Arg 

Ala 
44 O 

Pro 

His 

Ala 

Luell 

Pro 

Ser 

Ser 

Luell 

Glu 

Phe 

Gly 

Luell 

Glin 

Ala 

Met 
265 

Glin 

Luell 

Asp 

Arg 

Luell 
345 

Luell 

Wall 

Glu 

Pro 

Ser 
425 

Glu 

Glin 

Pro 

Thir 

Tyr 
505 

Ser 

Gly 

Glu 

Thir 

Luell 
585 

Glu 

Glu 

Thir 

Met 
250 

Pro 

Ile 

Asn 

Ser 

His 
330 

Thir 

Gly 

Ser 

Gly 

Ile 

Ala 

His 

Arg 

Wall 

Wall 
490 

Glin 

Wall 

Asn 

Wall 

Luell 
st O 

His 

His 

Ala 

Arg 

Luell 
235 

Trp 

His 

Pro 

Phe 

Luell 
315 

Lys 

Thir 

Ala 

His 

Ala 
395 

Luell 

ASn 

Ser 

Ser 

Luell 

Thir 

Phe 

Gly 

Tyr 

Wall 
555 

Arg 

Cys 

Glu 

Ser 

US 7,863,424 B2 
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Ser 
22O 

Gly 

Ser 

Ser 

Ala 

Glu 
3 OO 

Arg 

Ser 

Glu 

Pro 

Tyr 

Ser 

Gly 

Lys 
460 

Thir 

Lell 

Arg 

Tyr 
54 O 

Ser 

Wall 

Glu 

Asp 

Phe 
62O 

Asp Val Pro 

Lell 

Wall 

Ser 
285 

Gly 

Thir 

Wall 

Asn 

Pro 
365 

Wall 

Wall 

Glin 

Ala 

Asn 
445 

Ala 

Lell 

His 

His 

Wall 
525 

Lell 

Pro 

Ala 

Wall 
605 

Asn 

Gly 

Asp 

Ile 
27 O 

His 

Thir 

Luell 

Arg 

Ser 
35. O 

Ser 

Luell 

Thir 

Phe 

Gly 
43 O 

Wall 

Ser 

Glu 

Ser 

Thir 

Phe 

Arg 

Pro 
59 O 

Thir 

Luell 

Trp 

Ser 
255 

Ser 

Pro 

Cys 
335 

Gly 

Asn 

Luell 

His 
415 

Gly 

Ser 

Ser 

Glu 
495 

Asp 

Phe 

Ala 

Wall 

Ala 
sts 

Arg 

Luell 

Ser 

Luell 

Ser 
24 O 

Gly 

Asp 

Wall 

Wall 

Arg 

Glu 

Asn 

Ala 

Luell 

His 
4 OO 

His 

Wall 

Luell 

Ala 

Wall 

Met 

Ser 

Asp 

Thir 
560 

Glin 

Gly 

Gly 

Luell 

80 







ttgttgtagac 

gaga attatg 

gtaacaaaga 

attatt atta 

ttaaaaaatt 

t caa.cagtta 

gtag cctta 

tgttaggact 

gatcagggaa 

aaccttitt cq 

attittgat at 

ct catgcatt 

aaaaaaaa. 

aagattggaa 

gtcacagaat 

aaaatagitta 

titt cagagta 

agtaatagat 

CtcatCatta 

gagt cacata 

gacaaaaaaa 

agaggaaa.ca 

t cittaattga 

acatacatgg 

tat cattt ct 

<210s, SEQ ID NO 19 
&211s LENGTH: 592 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 19 

85 

accactgatt 

agaaagtaac 

gaggaaggag 

aattgtgagt 

ttcaaaatgt 

atggcttata 

ggagagaa.ca 

aataataaaa. 

gaaact ct ca 

cacattgtaa 

tatataacga 

ttggaataaa 

Homo sapiens 

Met Lieu. Lieu. Trp Val Ile Lieu. Lieu. 
1. 

Phe 

Thir 

Phe 

Glu 
65 

Gly 

His 

Wall 

Wall 

Lell 
145 

Asn 

Ser 

Wall 

Lell 

Arg 
225 

Ala 

Wall 

Tyr 
SO 

Ile 

Glu 

Luell 

Phe 

Thir 
13 O 

Asn 

Gly 

Ser 

Luell 

Thir 
21 O 

Phe 

Arg 

Phe 
35 

Ser 

Luell 

Tyr 

Asp 

Glu 
115 

Luell 

Ala 

Asn 

Arg 
195 

Arg 

5 

Thr Pro Arg Pro Ile 

Glin Gly Glu Arg Val 
4 O 

Pro Gln Lys Thr Lys 
55 

Arg Glu Thr Pro Asp 
70 

Arg Cys Glin Ala Glin 
85 

Phe Ser Ser Ala Ser 

Gly Asp Ser Val Val 
12 O 

Asn Asn. Thir Ile Tyr 
135 

Arg Thr Asp Phe His 
150 

Tyr Arg Cys Thr Gly 
1.65 

Thr Val Lys Ile Glin 
18O 

Ala Ser Ser Phe Glin 

Glu Thir Glin Leu Ser 
215 

Phe Phe Arg Asp Asp 
23 O 

tagatataga 

tattatgaac 

aggaagtaaa 

tattt Cacala 

c cattttgta 

Ctt Cactaaa. 

agtgaattct 

ataaacctgt 

tacgc.catta 

ttgtatatat 

tcaaattagg 

aac attcaaa. 

Wall Lieu Ala 
1O 

Ile Phe Lieu. 
25 

Thir Lieu. Thir 

Trp Tyr His 

ASn Ile Lieu. 

Gly Ser Pro 
90 

Lieu. Ile Lieu 
105 

Lieu. Arg Cys 

Lys Asn Asp 

Ile Pro His 
155 

Tyr Lys Glu 
17O 

Wall Glin Glu 
185 

Pro Ile Ser 

Lieu. Glu Arg 

Glin. Thir Lieu. 
235 

US 7,863,424 B2 
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aacaaaggct aatcaactgt 

actgaaaatg 

ggaacaatca 

ttcaaaaaga 

aatcgtttct 

att coatgga 

gcattgatat 

ttacaagtgt 

titatggaagc 

at atttaatg 

agccaaaaaa 

Pro 

Glin 

Arg 
6 O 

Glu 

Lell 

Glin 

Arg 

Asn 
14 O 

Ala 

Ser 

Pro 

Gly 

Ser 
22O 

Gly 

Wall 

Pro 

Lys 
45 

Wall 

Ser 

Ala 

Ala 
125 

Wall 

Phe 

Asn 
2O5 

Asp 

Lell 

Ser 

Pro 

Gly 

Luell 

Glin 

Ser 

Pro 
11 O 

Luell 

Luell 

Thir 
19 O 

Pro 

Wall 

Gly 

taaaaaaaat 

ttittct catg 

atggactgtt 

gaatactittg 

aalaccalacta 

Caagcataga 

gat cacaaat 

aaattggttc 

acagtttgat 

taCCC at Cat 

aaaaaaaaaa. 

Gly Glin 
15 

Trp Thr 

Phe Arg 

Gly Lys 

Glu Ser 
8O 

Pro Wall 
95 

Luell Ser 

Ala Glu 

Ala Phe 

160 

Pro Wall 
17s 

Arg Pro 

Wall. Thir 

Pro Leu 

Trp Ser 
24 O 

378 O 

384 O 

3900 

396 O 

414 O 

42OO 

426 O 

432O 

438 O 

4 44 O 

4448 

86 



US 7,863,424 B2 
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- Continued 

Lieu. Ser Pro Asn Phe Glin Ile Thr Ala Met Trp Ser Lys Asp Ser Gly 
245 250 255 

Phe Tyr Trp Cys Lys Ala Ala Thr Met Pro His Ser Val Ile Ser Asp 
26 O 265 27 O 

Ser Pro Arg Ser Trp Ile Glin Val Glin Ile Pro Ala Ser His Pro Val 
27s 28O 285 

Lieu. Thir Lieu. Ser Pro Glu Lys Ala Lieu. Asn. Phe Glu Gly. Thir Lys Val 
29 O 295 3 OO 

Thir Lieu. His Cys Glu Thr Glin Glu Asp Ser Lieu. Arg Thr Lieu. Tyr Arg 
3. OS 310 315 32O 

Phe Tyr His Glu Gly Val Pro Leu Arg His Llys Ser Val Arg Cys Glu 
3.25 330 335 

Arg Gly Ala Ser Ile Ser Phe Ser Lieu. Thir Thr Glu Asn Ser Gly Asn 
34 O 345 35. O 

Tyr Tyr Cys Thir Ala Asp Asn Gly Lieu. Gly Ala Lys Pro Ser Lys Ala 
355 360 365 

Wal Ser Lieu. Ser Wall Thir Wall Pro Wal Ser His Pro Wall Lieu. Asn Lieu. 
37 O 375 38O 

Ser Ser Pro Glu Asp Lieu. Ile Phe Glu Gly Ala Lys Val Thir Lieu. His 
385 390 395 4 OO 

Cys Glu Ala Glin Arg Gly Ser Leu Pro Ile Leu Tyr Glin Phe His His 
4 OS 41O 415 

Glu Asp Ala Ala Lieu. Glu Arg Arg Ser Ala Asn. Ser Ala Gly Gly Val 
42O 425 43 O 

Ala Ile Ser Phe Ser Lieu. Thir Ala Glu. His Ser Gly Asn Tyr Tyr Cys 
435 44 O 445 

Thir Ala Asp Asin Gly Phe Gly Pro Glin Arg Ser Lys Ala Val Ser Lieu. 
450 45.5 460 

Ser Ile Thir Wall Pro Wal Ser His Pro Wall Lieu. Thir Lieu. Ser Ser Ala 
465 470 47s 48O 

Glu Ala Lieu. Thr Phe Glu Gly Ala Thr Val Thr Lieu. His Cys Glu Val 
485 490 495 

Glin Arg Gly Ser Pro Glin Ile Leu Tyr Glin Phe Tyr His Glu Asp Met 
SOO 505 51O 

Pro Leu Val Ser Ser Ser Thr Pro Ser Val Gly Arg Val Ser Phe Ser 
515 52O 525 

Phe Ser Lieu. Thr Glu Gly His Ser Gly Asn Tyr Tyr Cys Thr Ala Asp 
53 O 535 54 O 

Asn Gly Phe Gly Pro Glin Arg Ser Glu Val Val Ser Leu Phe Val Thr 
5.45 550 555 560 

Gly Lys Cys Trp Val Lieu Ala Ser Llys Pro Pro Lieu Ala Glu Phe Ser 
565 st O sts 

Lieu. Thir His Ser Phe Lys Asn Lieu Phe Ala Leu Ser Ser Phe Leu Pro 
58O 585 59 O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 5323 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2O 

cggtgcagtg tcc tact.gt aagat Caagt c caaacctgt tttggaattg aggaaacttic 6 O 

tcttittgatc. tcago Ccttg gtggit coagg tott catgct gctgtgggtg at attactgg 12 O 







aaatctgctic 

ttctgagaag 

gtaagg tacc 

gtgggtggac 

t caagtaagg 

aactgaaaaa 

tgct attgga 

ctacagt cac 

acagtctgtt 

gtggaggcac 

cc catcc.cag 

cc catccagt 

gggaactic ct 

tggct cittct 

t ct cotggat 

aagagctaat 

<210s, SEQ ID NO 21 
211 LENGTH: 977 
212. TYPE : 

<213> ORGANISM: Homo sapiens 
PRT 

<4 OOs, SEQUENCE: 21 

93 

Ctggaggt ca 

Caggctcaaa 

aatgataact 

Ctgttgaagg 

gctttgggct 

tgggit Cttga 

ctic cagottg 

toatt Ctaat 

Met Lieu. Lieu. Trp Val Ile Lieu. Lieu. 
1. 

Phe 

Thir 

Phe 

Glu 
65 

Gly 

His 

Wall 

Wall 

Lell 
145 

Asn 

Ser 

Wall 

Lell 

Arg 
225 

Lell 

Phe 

Ser 

Lell 

Ala 

Wall 

Tyr 
SO 

Ile 

Ser 

Luell 

Phe 

Thir 
13 O 

Asn 

Gly 

Ser 

Luell 

Thir 
21 O 

Phe 

Ser 

Pro 

Thir 

Arg 

Phe 
35 

Ser 

Luell 

Asp 

Glu 
115 

Luell 

Ala 

Asn 

Arg 
195 

Arg 

Pro 

Trp 

Arg 

Luell 

5 

Thr Pro Arg Pro Ile 

Glin Gly Glu Arg Val 
4 O 

Pro Gln Lys Thr Lys 
55 

Arg Glu Thr Pro Asp 
70 

Arg Cys Glin Ala Glin 
85 

Phe Ser Ser Ala Ser 

Gly Asp Ser Val Val 
12 O 

Asn Asn. Thir Ile Tyr 
135 

Arg Thr Asp Phe His 
150 

Tyr Arg Cys Thr Gly 
1.65 

Thr Val Lys Ile Glin 
18O 

Ala Ser Ser Phe Glin 

Glu Thir Glin Leu Ser 
215 

Phe Phe Arg Asp Asp 
23 O 

Asn. Phe Glin Ile Thr 
245 

Cys Lys Ala Ala Thr 
26 O 

Ser Trp Ile Glin Val 

Ser Pro Glu Lys Ala 

Cat Caccaac 

agaggaaatt 

gcacagtggc 

cctgaatgta 

gggacataag 

gcttgctggc 

Ctgactgcag 

aalaccalatct 

Wall Lieu Ala 
1O 

Ile Phe Lieu. 
25 

Thir Lieu. Thir 

Trp Tyr His 

ASn Ile Lieu. 

Gly Ser Pro 
90 

Lieu. Ile Lieu 
105 

Lieu. Arg Cys 

Lys Asn Asp 

Ile Pro His 
155 

Tyr Lys Glu 
17O 

Wall Glin Glu 
185 

Pro Ile Ser 

Lieu. Glu Arg 

Glin. Thir Lieu. 
235 

Ala Met Trp 
250 

Met Pro His 
265 

Glin Ile Pro 

Lieu. Asn. Phe 

US 7,863, 
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aaagct cacg 

tagaatttct 

agaacaaact 

acaaaagggc 

tttittctgct 

atatggactg 

atc.ttgagat 

tto 

Pro Tyr Ser 

Glin Pro Pro 
3O 

45 

Arg Tyr Lieu 
6 O 

Glu Wall Glin 

Leul Ser Ser 

Glin Ala Pro 
11 O 

Arg Ala Lys 
125 

Asn. Wall Lieu. 
14 O 

Ala Cys Lieu 

Ser Cys Cys 

Pro Phe Thr 
19 O 

Gly Asn Pro 
2O5 

Ser Asp Wall 
22O 

Gly Lieu. Gly 

Ser Lys Asp 

Ser Wall Ile 
27 O 

Ala Ser His 
285 

Glu Gly Thr 

424 B2 

lued 

c cc tatgcag 

cattgggaga 

CCaCCCtaat 

t tatt ct tcc. 

ttcagacgca 

aaagaaacta 

atgtcagcct 

Gly Glin 
15 

Trp Thr 

Phe Arg 

Gly Lys 

Glu Ser 
8O 

Pro Wall 
95 

Luell Ser 

Ala Glu 

Ala Phe 

160 

Pro Wall 
17s 

Arg Pro 

Wall. Thir 

Pro Leu 

Trp Ser 
24 O 

Ser Gly 
255 

Ser Asp 

Pro Wall 

Llys Val 

492 O 

498O 

5040 

516 O 

522 O 

528 O 

5323 

94 



Thir 
3. OS 

Phe 

Arg 

Wall 

Ser 
385 

Glu 

Ala 

Thir 

Ser 
465 

Glu 

Glin 

Pro 

Phe 

Asn 
5.45 

Wall 

Ala 

Ser 

Ser 

Thir 
625 

Wall 

Ser 

Gly 

Ile 

Ala 
7 Os 

29 O 

Luell 

Ser 
37 O 

Ser 

Glu 

Asp 

Ile 

Ala 
450 

Ile 

Ala 

Arg 

Luell 

Ser 
53 O 

Gly 

Pro 

Wall 

Pro 

Ser 
610 

Ala 

Ala 

Arg 

Asp 

Luell 
69 O. 

Pro 

His 

His 

Ala 

Cys 
355 

Luell 

Pro 

Ala 

Ala 

Ser 
435 

Asp 

Thir 

Luell 

Gly 

Trp 
515 

Luell 

Phe 

Wall 

Wall 

Pro 
595 

Ser 

Glu 

Glin 

Pro 

Luell 
675 

Ser 

Cys 

Glu 

Ser 
34 O 

Thir 

Ser 

Glu 

Glin 

Ala 

Phe 

Asn 

Wall 

Thir 

Ser 
SOO 

Ser 

Thir 

Gly 

Ser 

Gly 

Ile 

Ala 

His 

His 

Ile 
660 

Luell 

Trp 

Gly 

Glu 

Gly 
3.25 

Ile 

Ala 

Wall 

Asp 

Arg 
4 OS 

Lell 

Ser 

Gly 

Pro 

Phe 
485 

Pro 

Ser 

Glu 

Pro 

Arg 
565 

Asp 

Lell 

Pro 

Ser 

Ser 
645 

Lell 

Glu 

Phe 

Gly 

Thir 
310 

Wall 

Ser 

Asp 

Thir 

Lell 
390 

Gly 

Glu 

Lell 

Phe 

Wall 
470 

Glu 

Glin 

Ser 

Gly 

Glin 
550 

Pro 

Lell 

Ser 

Gly 
630 

Asp 

Thir 

Lell 

Gly 
71O 

95 

295 

Glin 

Pro 

Phe 

Asn 

Wall 
375 

Ile 

Ser 

Arg 

Thir 

Gly 
45.5 

Ser 

Gly 

Ile 

Thir 

His 
535 

Arg 

Ile 

Lell 

Trp 

Gly 
615 

Asn 

Thir 

Phe 

His 

His 
695 

Ala 

Glu 

Luell 

Ser 

Gly 
360 

Pro 

Phe 

Luell 

Arg 

Ala 
44 O 

Pro 

His 

Ala 

Luell 

Pro 

Ser 

Ser 

Luell 

Glu 

Phe 

Gly 

Ile 

Arg 

Cys 

Glu 

Ser 

Asp 

Arg 

Luell 
345 

Luell 

Wall 

Glu 

Pro 

Ser 
425 

Glu 

Glin 

Pro 

Thir 

Tyr 
505 

Ser 

Gly 

Glu 

Thir 

Luell 
585 

Glu 

Ser 

Ser 

Ala 
665 

Glu 

Asp 

Phe 

Ser 

His 
330 

Thir 

Gly 

Ser 

Gly 

Ile 

Ala 

His 

Arg 

Wall 

Wall 
490 

Glin 

Wall 

Asn 

Wall 

Luell 
st O 

His 

His 

Ala 

Luell 
650 

Pro 

Ala 

Wall 

Asn 

Luell 
315 

Lys 

Thir 

Ala 

His 

Ala 
395 

Luell 

ASn 

Ser 

Ser 

Luell 

Thir 

Phe 

Gly 

Wall 
555 

Arg 

Glu 

Ser 

Glu 
635 

Ser 

Arg 

Luell 

Thir 

Luell 
71s 

US 7,863,424 B2 

- Continued 

3 OO 

Arg 

Ser 

Glu 

Pro 
38O 

Ser 

Gly 

Lys 
460 

Thir 

Lell 

Arg 

Tyr 
54 O 

Ser 

Wall 

Glu 

Asp 

Phe 

Ala 

Wall 

Ala 

Arg 

Lell 
7 OO 

Ser 

Thir 

Wall 

Asn 

Pro 
365 

Wall 

Wall 

Glin 

Ala 

Asn 
445 

Ala 

Lell 

His 

His 

Wall 
525 

Lell 

Pro 

Ala 

Wall 
605 

Asn 

Asn 

Ile 

Glin 

Gly 
685 

Gly 

Lell 

Luell 

Arg 

Ser 
35. O 

Ser 

Luell 

Thir 

Phe 

Gly 
43 O 

Wall 

Ser 

Glu 

Ser 

Thir 

Phe 

Arg 

Pro 
59 O 

Thir 

Luell 

Asn 

Wall 

Ala 
67 O 

Ser 

Thir 

Cys 
335 

Gly 

Asn 

Luell 

His 
415 

Gly 

Ser 

Ser 

Glu 
495 

Asp 

Phe 

Ala 

Wall 

Ala 
sts 

Arg 

Luell 

Ser 

Gly 

Pro 
655 

Wall 

Ser 

Ile 

Thir 

Arg 

Glu 

Asn 

Ala 

Luell 

His 
4 OO 

His 

Wall 

Luell 

Ala 

Wall 

Met 

Ser 

Asp 

Thir 
560 

Glin 

Gly 

Gly 

Luell 

Luell 
64 O 

Wall 

Wall 

Pro 

Ser 

Glu 
72O 

96 



US 7,863,424 B2 
97 

- Continued 

His Ser Gly Ile Tyr Ser Cys Glu Ala Asp Asn Gly Lieu. Glu Ala Glin 
72 73 O 73 

Arg Ser Glu Met Val Thr Lieu Lys Val Ala Val Pro Val Ser Arg Pro 
740 74. 7 O 

Val Lieu. Thir Lieu. Arg Ala Pro Gly. Thir His Ala Ala Val Gly Asp Lieu 
7ss 760 765 

Lieu. Thr Glu Lieu. His Cys Glu Ala Lieu. Arg Gly Ser Pro Lieu. Ile Lieu. 
770 775 78O 

Tyr Arg Phe Phe His Glu Asp Val Thr Lieu. Gly Asn Glu Lieu. His Cys 
78s 79 O 79. 8OO 

Glu Ala Lieu. Arg Gly Ser Pro Lieu. Ile Lieu. Tyr Arg Phe Phe His Glu 
805 810 815 

Asp Val Thir Lieu. Gly Asn. Asn Gly Lieu. Gly Ala Glin Arg Ser Glu Thr 
82O 825 83 O 

Val Thr Lieu. Tyr Ile Thr Gly Lieu. Thir Ala Asn Arg Ser Gly Pro Phe 
835 84 O 845 

Ala Thr Gly Val Ala Gly Gly Lieu. Lieu. Ser Ile Ala Gly Lieu Ala Ala 
850 855 860 

Gly Ala Lieu. Lieu. Lieu. Tyr Cys Trp Lieu. Ser Arg Lys Ala Gly Arg Llys 
865 87O 87s 88O 

Pro Ala Ser Asp Pro Ala Arg Ser Pro Ser Asp Ser Asp Ser Glin Glu 
885 890 895 

Pro Thr Tyr His Met Val Pro Ala Trp Glu Glu Lieu Gln Pro Val Tyr 
9 OO 905 91 O 

Thir Asn Ala Asn. Pro Arg Gly Glu Asn Val Val Tyr Ser Glu Val Arg 
915 92 O 925 

Ile Ile Glin Glu Lys Llys Llys His Ala Val Ala Ser Asp Pro Arg His 
93 O 935 94 O 

Lieu. Arg Asn Lys Gly Ser Pro Ile Ile Tyr Ser Glu Val Llys Val Ala 
945 950 955 96.O 

Ser Thr Pro Val Ser Gly Ser Leu Phe Leu Ala Ser Ser Ala Pro His 
965 97O 97. 

Arg 

<210s, SEQ ID NO 22 
&211s LENGTH: 88 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 22 

Met Lieu. Lieu. Trp Ala Ser Lieu. Lieu Ala Phe Ala Pro Val Cys Gly Glin 
1. 5 1O 15 

Ser Gly Ser Cys Ser Val Ala Asp Trp Gln Met Pro Pro Pro Tyr Val 
2O 25 3O 

Val Lieu. Asp Lieu Pro Glin Glu Thir Lieu. Glu Glu Glu Thr Pro Gly Ala 
35 4 O 45 

Asn Lieu. Trp Pro Thr Thr Ile Thr Phe Lieu. Thir Lieu Phe Lieu. Leu Ser 
SO 55 6 O 

Lieu. Phe Tyr Ser Thr Ala Lieu. Thr Val Thr Ser Val Arg Gly Pro Ser 
65 70 7s 8O 

Gly Asn Arg Glu Gly Pro Glin Tyr 
85 

<210s, SEQ ID NO 23 





101 

aagtaactga agggaaa 

<210s, SEQ ID NO 28 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Met Ala Met Glu 
1. 

Trp 

Ser 

Trp 

Ala 
65 

Asn 

Asn 

Ser 

Thir 

His 
145 

Gly 

Glin 

Gly 

Luell 

Glin 

Ile 
SO 

Arg 

Luell 

Asn 

Asp 

Pro 
13 O 

Ser 

Ala 

Luell 

Ala 
35 

Asn 

Ser 

Ile 

Asp 

Pro 
115 

His 

Trp 

Ser 

Asn 

Thir 
195 

Glin 

Ala 

Wall 

Pro 

Pro 

Ser 

Wall 

Luell 

Glin 

His 
18O 

Luell 

Homo sapiens 

28 

Thir Glin Met Ser 
5 

Pro Leu. Thir Wall 

Ala Pro Pro Llys 
4 O 

Lieu. Glin Glu Asp 
55 

Glu Ser Pro Ser 
70 

Ile His Thr Glin 
85 

Gly Glu Tyr Thr 

His Lieu. Thir Wall 
12 O 

Glu Phe Glin Glu 
135 

Asp Llys Pro Lieu. 
150 

Llys Phe Ser Arg 
1.65 

Ser His Ser Gly 

Phe Ser Ser Lys 
2OO 

<210s, SEQ ID NO 29 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Met Trp Gln Leu 
1. 

Gly 

Glin 

Gly 

Ser 
65 

Wall 

Ser 

Met 

Trp 

Ala 
SO 

Luell 

Asp 

Asp 

Arg 

Tyr 
35 

Tyr 

Ile 

Asp 

Pro 

Thir 

Arg 

Ser 

Ser 

Ser 

Wall 
1OO 

184 

Homo sapiens 

29 

Leu Lleu Pro Thr 
5 

Glu Asp Lieu Pro 

Val Lieu. Glu Lys 
4 O 

Pro Glu Lieu. Asn 
55 

Glu Glin Ala Ser 
70 

Gly Glu Tyr Arg 
85 

Gln Lieu. Glu Wall 

Glin 

Luell 
25 

Ala 

Ser 

Ile 

Ser 

Cys 
105 

Luell 

Gly 

Wall 

Luell 

Asp 
185 

Ala 

Lys 
25 

Asp 

Ser 

Ser 

His 
105 

Asn 

Luell 

Wall 

Wall 

Glin 

Ser 
90 

Glin 

Ser 

Glu 

Asp 
17O 

Luell 
1O 

Ala 

Ser 

Thir 

Glin 
90 

Ile 

Wall 

Luell 

Luell 

Thir 

Trp 

Thir 

Glu 

Thir 

Wall 
155 

Pro 

His 

Luell 

Wall 

Wall 

Glin 

Phe 

Thir 

Gly 

US 7,863,424 B2 

- Continued 

Lell 

Lell 
6 O 

Phe 

Arg 

Gly 

Trp 

Ile 
14 O 

Thir 

Thir 

Lell 

Wall 

Thir 

Trp 
6 O 

Ile 

Asn 

Trp 

Pro 

Ala 

Lell 
45 

Thir 

His 

Phe 

Glin 

Lell 
125 

Asn 

Glu 

Phe 

Thir 

Lell 

Phe 

Lell 
45 

Phe 

Asp 

Lell 

Lell 

Arg 

Ser 
3O 

Glu 

His 

Thir 
11 O 

Luell 

Luell 

Glu 

Ser 

Gly 
19 O 

Wall 

Luell 
3O 

His 

Ala 

Ser 

Luell 
11 O 

Asn 
15 

Ala 

Pro 

Asn 

Ala 
95 

Ser 

Luell 

Arg 

Glin 

Ile 
17s 

Asn 

Ser 
15 

Glu 

Asn 

Ala 

Thir 
95 

Luell 

Luell 

Asp 

Pro 

Gly 

Gly 

Asn 

Luell 

Glin 

Asn 
160 

Pro 

Ala 

Pro 

Glu 

Thir 
8O 

Luell 

Glin 

102 



103 

Ala Pro Arg Trp Val Phe Lys Glu 
115 12 O 

His Ser Trp Lys Asn. Thir Ala Lieu. 
13 O 135 

Gly Lys Gly Arg Llys Tyr Phe His 
145 150 

Glin Ala Thir Lieu Lys Asp Ser Gly 
1.65 

Gly Ser Lys Asn Val Ser Ser Glu 
18O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 188 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 30 

Met Ala Pro Ala Met Glu Ser Pro 
1. 5 

Phe Phe Ala Asp Asp Gly Val Lieu 
2O 

Ser Lieu. Asn Pro Pro Trp Asn Arg 
35 4 O 

Lieu. Thir Cys Asn Gly Asn. Asn. Phe 
SO 55 

Phe His Asn Gly Ser Lieu Ser Glu 
65 70 

Val Asn Ala Lys Phe Glu Asp Ser 
85 

Glin Wall Asn. Glu Ser Glu Pro Wall 
1OO 

Lieu. Lieu. Lieu. Glin Ala Ser Ala Glu 
115 12 O 

Phe Lieu. Arg Cys His Gly Trp Arg 
13 O 135 

Tyr Tyr Lys Asp Gly Glu Ala Lieu 
145 150 

Ile Ser Ile Thir Asn Ala Thir Wall 
1.65 

Thr Gly Llys Val Trp Glin Lieu. Asp 
18O 

<210s, SEQ ID NO 31 
&211s LENGTH: 378 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 31 

Met Trp Phe Lieu. Thir Thr Lieu. Leu 
1. 5 

Val Asp Thir Thr Lys Ala Val Ile 
2O 

Phe Wall Glin Glu Glu. Thir Wall. Thir 
35 4 O 

Pro Gly Ser Ser Ser Thr Gln Trp 
SO 55 

Glu 

His 

His 

Ser 

Thir 

Ala 
25 

Ile 

Phe 

Ser 

Gly 

Tyr 
105 

Wall 

Asn 

Glu 

Tyr 
185 

Luell 

Ser 
25 

Luell 

Phe 

Asp 

Lys 

Asn 

Tyr 
17O 

Luell 

Wall 

Phe 

Glu 

Thir 

Glu 
90 

Luell 

Wall 

Trp 

Asp 
17O 

Glu 

Trp 
1O 

Luell 

His 

Luell 

Pro 

Wall 

Ser 
155 

Phe 

Luell 

Pro 

Wall 

ASn 

Tyr 

Glu 

Met 

Pro 

Trp 
155 

Ser 

Ser 

Wall 

Glin 

Cys 

ASn 

US 7,863,424 B2 

- Continued 

Ile His 
125 

Thr Tyr 
14 O 

Asp Phe 

Cys Val 

Glin Lys 

Gly Glu 
45 

Ser Ser 
6 O 

Ser Ser 

Wall Phe 

Glu Gly 
125 

Val Tyr 
14 O 

Tyr Glu 

Gly Thr 

Glu 

Pro Wall 

Pro Pro 

Glu Wall 
45 

Gly Thr 
6 O 

Luell 

Luell 

Gly 

Ala 

Pro 

Asn 

Thir 

Luell 

Glin 

Ser 
11 O 

Glin 

Asn 

Asp 

Trp 
3O 

Luell 

Ala 

Arg 

Glin 

Ile 

Luell 
17s 

Luell 
15 

Wall 

Asn 

His 
95 

Asp 

Pro 

Wall 

His 

Tyr 
17s 

Gly 
15 

Wall 

His 

Thir 

Cys 

Asn 

Pro 
160 

Phe 

Luell 

Wall 

Thir 

Trp 

Ile 

Glin 

Trp 

Luell 

Ile 

Asn 
160 

Cys 

Glin 

Ser 

Luell 

Glin 

104 



Thir 
65 

Gly 

Trp 

Wall 

Asp 

Lys 
145 

Ser 

Thir 

Ser 

Lell 
225 

Gly 

Lell 

Thir 

Wall 

Gly 
3. OS 

Wall 

Glu 

Glin 

Gly 

Ser 

Glu 

Luell 

Phe 

Lys 
13 O 

Phe 

Ser 

Thir 

Wall 

Pro 
21 O 

Luell 

Ser 

Thir 

Glu 

Luell 
29 O 

Wall 

Ile 

Glu 

Glu 
37 O 

Thir 

Tyr 

Glu 

Thir 
115 

Luell 

Phe 

His 

Ser 

Lys 
195 

Luell 

Luell 

Luell 

Ala 

Asp 
27s 

Gly 

Luell 

Thir 

Ser 

Asp 
355 

Glin 

Pro 

Arg 

Thir 

Glu 

Wall 

His 

Asn 

Ala 
18O 

Glu 

Luell 

Glin 

Thir 

Arg 
26 O 

Gly 

Luell 

Ala 

Ile 

Luell 
34 O 

Arg 

Luell 

105 

Ser Tyr Arg Ile 
70 

Cys Glin Arg Gly 
85 

His Arg Gly Trip 

Gly Glu Pro Lieu 
12 O 

Tyr Asn Val Lieu. 
135 

Trp Asn. Ser Asn 
150 

Gly Thr Tyr His 
1.65 

Gly Llys His Arg 

Leul Phe Pro Ala 
2OO 

Glu Gly Asn Lieu 
215 

Arg Pro Gly Lieu. 
23 O 

Lieu. Arg Gly Arg 
245 

Arg Glu Asp Ser 

Asn Val Lieu Lys 
28O 

Glin Leu Pro Thr 
295 

Val Gly Ile Met 
310 

Arg Lys Glu Lieu. 
3.25 

Asp Ser Gly His 

His Glu Glu Glu 
360 

Glin Glu Gly Val 
375 

<210s, SEQ ID NO 32 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Met Lieu. Lieu. Trip 
1. 

Ser Ala Ala Ala 

Thr Phe Phe Lys 
35 

Phe Tyr Ala Thr 
SO 

376 

Homo sapiens 

32 

Ala Ser Lieu. Lieu. 
5 

His Llys Pro Val 

Gly Glu Arg Val 
4 O 

Glu Lys Thir Thr 
55 

Thir 

Luell 

Luell 
105 

Ala 

Tyr 

Luell 

Tyr 
185 

Pro 

Wall 

Glin 

Asn 

Gly 
265 

Arg 

Pro 

Phe 

Glu 
345 

Glu 

His 

Ala 

Ile 
25 

Thir 

Trp 

Ser 

Ser 
90 

Luell 

Luell 

Ile 

Ser 
17O 

Thir 

Wall 

Thir 

Luell 

Thir 
250 

Luell 

Ser 

Wall 

Luell 

Arg 
330 

Luell 

Arg 

Phe 
1O 

Ser 

Luell 

Tyr 

Ala 

Gly 

Luell 

Arg 

Arg 

Ile 
155 

Gly 

Ser 

Luell 

Luell 

Tyr 
235 

Ser 

Tyr 

Pro 

Wall 

Wall 
315 

Lys 

Ala 

Wall 

Thir 

His 

US 7,863,424 B2 

- Continued 

Ser Val Asn Asp 

Arg 

Glin 

Asn 
14 O 

Lell 

Asn 

Ala 

Asn 

Ser 
22O 

Phe 

Ser 

Trp 

Glu 

Trp 
3 OO 

Asn 

Wall 

Pro 

His 

Arg 
6 O 

Ser 

Tyr 

His 
125 

Gly 

Gly 

Gly 

Ala 

Ser 

Glu 

Lell 
285 

Phe 

Thir 

Thir 

Glin 
365 

Wall 

Pro 

Asn 
45 

His 

Asp 

Ser 
11 O 

Ala 

Ile 

Ile 
19 O 

Ser 

Glu 

Phe 

Tyr 

Glu 
27 O 

Glu 

His 

Wall 

Trp 

Ser 
35. O 

Glu 

Pro 
3O 

Gly 

Pro 
95 

Ser 

Trp 

Ala 

Asn 

His 
17s 

Ser 

Wall 

Thir 

Glin 
255 

Ala 

Luell 

Wall 

Luell 

Asp 
335 

Ser 

Glin 

Gly 
15 

Trp 

Phe 

Trp 

Ser 
8O 

Thir 

Arg 

Phe 

Ile 
160 

Arg 

Wall 

Thir 

Met 
24 O 

Ile 

Ala 

Glin 

Luell 

Trp 

Luell 

Luell 

Glin 

Thir 

Glin 

Gly 

106 



Glu 
65 

Gly 

Arg 

Wall 

Glu 

Ile 
145 

Asn 

Phe 

Ile 

Asp 

Glin 
225 

Arg 

Glin 

Ala 

Ile 

Pro 
3. OS 

Ser 

Asp 

Glu 

Luell 

Luell 

Phe 

Lys 
13 O 

Ser 

Asn 

Arg 

Ile 

Ser 
21 O 

Luell 

Asp 

Luell 

Glu 

His 
29 O 

Ser 

Wall 

Met 

Luell 

Thir 
37 O 

Luell 

Tyr 

Luell 

Glu 
115 

Luell 

Asn 

Gly 

Ser 

Lys 
195 

Glin 

Pro 

Gly 

Pro 

Thir 
27s 

Wall 

Gly 

Ala 

Glin 

Glu 
355 

Ala 

Thir 

Arg 

Phe 

Gly 

Thir 

Asn 

Asn 
18O 

Ile 

Pro 

Pro 

Glu 

Thir 
26 O 

Wall 

Glin 

Gly 

Glu 

Glu 
34 O 

Luell 

Asp 

Lell 

Cys 
85 

Ser 

Asp 

Ala 

Ser 

Tyr 
1.65 

Gly 

Glin 

Thir 

Glu 

Wall 
245 

Wall 

Arg 

Arg 

Glin 

Gly 
3.25 

Ser 

Pro 

Asn 

<210s, SEQ ID NO 33 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Homo sapiens 
PRT 

<4 OOs, SEQUENCE: 

373 

33 

Thir 
70 

Glin 

Ser 

Thir 

Wall 

Trp 
150 

Arg 

Asp 

Glu 

Glu 

Arg 
23 O 

Ile 

Trp 

Gly 

Ile 

Ala 
310 

Thir 

Lell 

Ala 

Ser 

107 

Pro 

Ala 

Asp 

Lell 

Lys 
135 

Asp 

Glu 

Lell 

Gly 
215 

Ser 

Lell 

Arg 

Asn 

Pro 
295 

Wall 

Gly 

Gly 

Ile 

Tyr 
375 

Gly 

Arg 

Ser 

Wall 
12 O 

Luell 

Ile 

Asn 

Phe 

Asn 

Asp 

Ser 

Glu 

Ile 
28O 

Wall 

Glu 

Asp 

Arg 

Arg 
360 

Gly 

Met Lieu. Lieu. Trp Val Ile Lieu. Lieu. 
1. 5 

Phe Ala Arg Thr Pro Arg Pro 

Thr Val Phe Glin Gly Glu Arg 
35 

Phe Tyr Ser Pro Glin Arg Thr 

Ile 

Wall 
4 O 

Arg 

Asn 

Gly 

Luell 
105 

Luell 

Thir 

Luell 

Gly 

Asp 
185 

Pro 

Ser 

Thir 

Asp 

Asn 
265 

His 

Ser 

Glin 

Thir 

Lys 
345 

Glin 

Wall 

Ile 
25 

Thir 

Trp 

Thir 

Ser 
90 

Ile 

Arg 

Trp 

Ile 

Tyr 
17O 

Wall 

His 

Wall 

Pro 

Trp 
250 

Ser 

Gly 

Glu 

Thir 
330 

Thir 

Ser 

Luell 
1O 

Phe 

Luell 

Tyr 

Luell 
7s 

Pro 

Luell 

ASn 

Pro 
155 

Gly 

Phe 

Pro 

ASn 

Luell 
235 

Ser 

Gly 

His 

Wall 

Met 
315 

Phe 

Glin 

His 

Ala 

Luell 

Thir 

His 

US 7,863,424 B2 
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Glu Val Arg Ala 

Arg 

Glin 

His 

Gly 
14 O 

Glin 

Wall 

Arg 

Glu 

Lell 

His 

Thir 

Ser 

Ser 

Lell 
3 OO 

Lell 

Ser 

Arg 

Ala 

Pro 

Glin 

Arg 

Ser 

Ala 

Arg 
125 

Asn 

Ala 

Glu 

Ser 

Lell 

Ser 

Phe 

Pro 
285 

Lell 

Wall 

Trp 

Ser 

Gly 
365 

Wall 

Pro 

Lys 
45 

Asn 

Pro 
11 O 

Arg 

Ile 

Ser 

Asn 

Asn 
19 O 

Asn 

Pro 

Trp 
27 O 

Ser 

Glu 

Luell 

His 

Luell 
35. O 

Gly 

Ser 

Pro 
3O 

Gly 

Luell 

Pro 
95 

Arg 

Luell 

Ser 

Asp 
17s 

Phe 

Ala 

Glu 

Phe 

Glu 
255 

Luell 

Thir 

Wall 

Arg 
335 

Arg 

Gly 
15 

Trp 

Phe 

Gly 

Ser 
8O 

Wall 

Ser 

Ser 

Asn 
160 

Wall 

Thir 

Thir 

Phe 
24 O 

Luell 

Gly 

Glin 

Glin 

Cys 

Glu 

Ala 

Tyr 

Glin 

Thir 

Arg 

108 



Glu 
65 

Gly 

His 

Wall 

Wall 

Lell 
145 

Asn 

Ser 

Ile 

Phe 

Lell 
225 

Asp 

Ile 

Ala 

Glin 

Lys 
3. OS 

Glin 

Pro 

Phe 

Asn 

109 

SO 55 

Ile Leu Arg Glu Thr Pro 
70 

Glu Tyr Arg Cys Glin Ala 
85 

Lieu. Asp Phe Ser Ser Ala 
1OO 

Phe Glu Gly Asp Ser Val 
115 

Thir Lieu. Asn. Asn. Thir Ile 
13 O 135 

Asn Lys Arg Thr Asp Phe 
150 

Gly Ala Tyr Arg Cys Thr 
1.65 

Ser Asn Lys Glu Ser Cys 
18O 

Glin Wall Glin Glu Pro Phe 
195 

Gln Pro Thir Ser Gly Asn 
21 O 215 

Ser Lieu. Glu Arg Ser Asp 
23 O 

Asp Glin Thr Lieu. Gly Lieu. 
245 

Thr Ala Met Trp Ser Lys 
26 O 

Thir Met Pro His Ser Wall 
27s 

Wall Glin Ile Pro Ala Ser 
29 O 295 

Ala Lieu. Asn. Phe Glu Gly 
310 

Glu Asp Ser Lieu. Arg Thr 
3.25 

Lieu. Arg His Llys Ser Val 
34 O 

Ser Lieu. Thir Thr Glu Asn 
355 

Gly Lieu. Gly Ala 
37 O 

<210s, SEQ ID NO 34 
&211s LENGTH: 26 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) . . (1) 
223 OTHER INFORMATION: Xaa 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (2) ... (8) 
223 OTHER INFORMATION: Xaa 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (9) ... (9) 
223 OTHER INFORMATION: Xaa 

Asp Asn. Ile 

Gln Gly Ser 
90 

Ser Lieu. Ile 
105 

Val Lieu. Arg 
12 O 

Tyr Lys Asn 

His Ile Pro 

Gly Tyr Lys 
17O 

Cys Pro Val 
185 

Thr Arg Pro 
2OO 

Pro Wall. Thir 

Wall Pro Leu 

Gly Trp Ser 
250 

Asp Ser Gly 
265 

Ile Ser Asp 
28O 

His Pro Wall 

Thr Llys Val 

Lieu. Tyr Arg 
330 

Arg Cys Glu 
345 

Ser Gly Asn 
360 

= D or E 

Luell 

Pro 

Luell 

Cys 

Asp 

His 
155 

Glu 

Ser 

Wall 

Luell 

Arg 
235 

Luell 

Phe 

Ser 

Luell 

Thir 
315 

Phe 

Arg 

Tyr 

US 7,863,424 B2 
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6 O 

Glu 

Lell 

Glin 

Arg 

Asn 
14 O 

Ala 

Ser 

Ser 

Lell 

Thir 
22O 

Phe 

Ser 

Pro 

Thir 
3 OO 

Lell 

= any amino acid 

= D or E 

Wall 

Ser 

Ala 

Ala 
125 

Wall 

Asn 

Arg 

Arg 

Pro 

Trp 

Arg 
285 

Lell 

His 

His 

Ala 

Cys 
365 

Glin 

Ser 

Pro 
11 O 

Luell 

Luell 

Thir 
19 O 

Ala 

Glu 

Phe 

Asn 

Cys 
27 O 

Ser 

Ser 

Glu 

Ser 
35. O 

Thir 

Glu 

Pro 
95 

Luell 

Ala 

Ala 

Pro 
17s 

Wall 

Ser 

Thir 

Phe 

Phe 
255 

Trp 

Pro 

Glu 

Gly 
335 

Ile 

Ala 

Ser 

Wall 

Ser 

Glu 

Phe 

Asp 
160 

Wall 

Lys 

Ser 

Glin 

Arg 
24 O 

Glin 

Ala 

Ile 

Glu 

Thir 

Wall 

Ser 

Asp 

110 
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- Continued 

22 Os. FEATURE 
<221 > NAMEAKEY SC FEATURE 
<222s. LOCATION: (10) ... (11) 
<223> OTHER INFORMATION: Xaa = Any amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY SC FEATURE 
<222s. LOCATION: (13) . . (14) 
<223> OTHER INFORMATION: Xaa = Any amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY SC FEATURE 
<222s. LOCATION: (15) . . (15) 
&223s OTHER INFORMATION: Xaa = I or L. 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (16) ... (22) 
<223> OTHER INFORMATION: Xaa = Any amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (24) . . (25) 
<223> OTHER INFORMATION: Xaa = Any amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (26) ... (26) 
&223s OTHER INFORMATION: Xaa = I or L. 

<4 OOs, SEQUENCE: 34 

Xaa Xala Xala Xala Xaa Xaa Xaa Xala Xala Xala Xaa Tyr Xaa Xala Xala Xala 
1. 5 1O 15 

Xaa Xala Xala Xala Xaa Xaa Tyr Xaa Xala Xala 
2O 25 

<210s, SEQ ID NO 35 
&211s LENGTH: 63 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 35 

Glu Ser Ser His Ser Ile Cys Pro Ala Glin Val Glu Lieu. Glin Ser Lieu. 
1. 5 1O 15 

Tyr Val Asp Wal His Pro Llys Lys Gly Asp Lieu Val Tyr Ser Glu Ile 
2O 25 3O 

Gln Thr Thr Thr Lieu. Gly Glu Glu Glu Glu Glu Ala Asn Thr Ser Arg 
35 4 O 45 

Thir Lieu. Lieu. Glu Asp Lys Asp Val Ser Val Val Tyr Ser Glu Val 
SO 55 6 O 

<210s, SEQ ID NO 36 
&211s LENGTH: 39 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 36 

Asp Asn Lys Glu Pro Lieu. Asn. Ser Asp Val Glin Tyr Thr Glu Val Glin 
1. 5 1O 15 

Val Ser Ser Ala Glu Trp Ser His Lys Asp Lieu. Gly Llys Lys Asp Thr 
2O 25 3O 

Glu Thr Val Tyr Ser Glu Val 
35 

<210s, SEQ ID NO 37 
&211s LENGTH: 68 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (38) . . (61) 
<223> OTHER INFORMATION: Xaa = any amino acid 

112 
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<4 OO > SEQUENCE: 37 

Asp Ser Asp Ser Glin Glu Pro Thr Tyr His Asn Val Pro Ala Trp Glu 
1. 5 1O 15 

Glu Lieu. Glin Pro Val Tyr Thr Asn Ala Asn. Pro Arg Gly Glu Asn. Wall 
2O 25 3O 

Val Tyr Ser Glu Val Xaa Xaa Xala Xala Xala Xaa Xaa Xaa Xala Xala Xala 
35 4 O 45 

Xaa Xala Xala Xala Xaa Xaa Xaa Xala Xala Xala Xaa Xaa Xaa Ile Ile Tyr 
SO 55 6 O 

Ser Glu Val Lys 
65 

<210s, SEQ ID NO 38 
&211s LENGTH: 65 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (38) ... (58) 
<223> OTHER INFORMATION: Xaa = any amino acid 

<4 OOs, SEQUENCE: 38 

Ala Ser Asp Glin Arg Asp Lieu. Thr Glu. His Llys Pro Ser Val Ser Asn 
1. 5 1O 15 

His Thr Glin Asp His Ser Asn Asp Pro Pro Asn Lys Met Asn Glu Val 
2O 25 3O 

Thir Tyr Ser Thir Lieu. Xaa Xaa Xala Xala Xala Xaa Xaa Xaa Xala Xala Xala 
35 4 O 45 

Xaa Xala Xala Xala Xaa Xaa Xaa Xala Xala Xala Ile Ile Tyr Ser Glu Val 
SO 55 6 O 

Lys 
65 

<210s, SEQ ID NO 39 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Immune-receptor Tyrosine-based Inhibition Motif 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: Xaa = S W L or I 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (2) ... (2) 
<223> OTHER INFORMATION: Xaa = any amino acid 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (4) . . (5) 
<223> OTHER INFORMATION: Xaa = any amino acid 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (6) . . (6) 
&223s OTHER INFORMATION: Xaa = L or W 

<4 OOs, SEQUENCE: 39 

Xaa Xala Tyr Xaa Xaa Xaa 
1. 5 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 5321 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 







gtatgcagcc 

atatgcaact 

aggcct agtt 

atctgct cac 

Ctgaga aggt 

alaggtaccCC 

gggtggacCC 

aagtalagggg 

Ctgaaaaatg 

ctattggatc 

acagt cacaa 

119 

Cagtgcagcc ttgcagagga 

aaaatagacg tdgagcaaga 

gaaagttcaag aagga cagca 

agt ctgttct ggaggtoaca 

ggaggcacca ggctcaaaag 

catcc.cagaa tdata actgc 

catcCagt ct gttgaaggcc 

gaactic ctgc tittgggctgg 

gct citt Cttg ggt Cttgagc 

tcc tiggat ct c cagottgct 

gagctaattic attctaataa 

<210s, SEQ ID NO 41 
211 LENGTH: 977 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 41 

Met Lieu. Lieu. Trp Val 
1. 

Phe 

Thir 

Phe 

Glu 
65 

Gly 

His 

Wall 

Wall 

Lell 
145 

Asn 

Ser 

Wall 

Lell 

Arg 
225 

Lell 

Ala 

Wall 

Tyr 
SO 

Ile 

Glu 

Luell 

Phe 

Thir 
13 O 

Asn 

Gly 

Ser 

Luell 

Thir 
21 O 

Phe 

Ser 

Arg 

Phe 
35 

Ser 

Luell 

Tyr 

Asp 

Glu 
115 

Luell 

Ala 

Asn 

Arg 
195 

Arg 

Pro 

5 

Thir Pro 
2O 

Gln Gly 

Pro Glin 

Arg Glu 

Arg Cys 
85 

Phe Ser 
1OO 

Gly Asp 

Asn. Asn 

Arg Thr 

1.65 

Thir Wall 
18O 

Ala Ser 

Glu Thir 

Phe Phe 

Asn. Phe 
245 

Homo sapiens 

Ile Lieu. Lieu 

Arg Pro Ile 

Glu Arg Val 
4 O 

Llys Thr Lys 
55 

Thr Pro Asp 
70 

Glin Ala Glin 

Ser Ala Ser 

Ser Wal Wall 
12 O 

Thir Ile Tyr 
135 

Asp Phe His 
150 

Cys Thr Gly 

Lys Ile Glin 

Ser Phe Glin 
2OO 

Gln Lieu. Ser 
215 

Arg Asp Asp 
23 O 

Glin Ile Thr 

Caaggctgga 

gaaatgcatt 

gcaag catag 

to accaacaa. 

aggaaattta 

acagtggcag 

tgaatgtaac 

gacataagtt 

ttgctggcat 

gactgcagat 

accalatctitt 

Wall Lieu Ala 
1O 

Ile Phe Lieu. 
25 

Thir Lieu. Thir 

Trp Tyr His 

ASn Ile Lieu. 

Gly Ser Pro 
90 

Lieu. Ile Lieu 
105 

Lieu. Arg Cys 

Lys Asn Asp 

Ile Pro His 
155 

Tyr Lys Glu 
17O 

Wall Glin Glu 
185 

Pro Ile Ser 

Lieu. Glu Arg 

Glin. Thir Lieu. 
235 

Ala Met Trp 
250 
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ggcatttgtc. 

CCC accgagg 

gct caggatt 

agct cacgc.c 

gaatttctica 

aacaaactic C 

aaaagggctt 

tttctgctitt 

atggactgaa 

cittgagatat 

c 

Pro 

Glin 

Arg 
6 O 

Glu 

Lell 

Glin 

Arg 

Asn 
14 O 

Ala 

Ser 

Pro 

Gly 

Ser 
22O 

Gly 

Ser 

Wall 

Pro 

Lys 
45 

Wall 

Ser 

Ala 

Ala 
125 

Wall 

Phe 

Asn 
2O5 

Asp 

Lell 

Ser 

Pro 

Gly 

Luell 

Glin 

Ser 

Pro 
11 O 

Luell 

Luell 

Thir 
19 O 

Pro 

Wall 

Gly 

Asp 

at cactacag 

cc.gctttittt 

aaagaaaaaa 

ctatogcagtt 

ttgggagagt 

accctaatgt 

att ct tcc to 

Cagacgcaaa 

agaalactatg 

gtcagcct ct 

Gly Glin 
15 

Trp Thr 

Phe Arg 

Gly Lys 

Glu Ser 
8O 

Pro Wall 
95 

Luell Ser 

Ala Glu 

Ala Phe 

160 

Pro Wall 
17s 

Arg Pro 

Wall. Thir 

Pro Leu 

Trp Ser 
24 O 

Ser Gly 
255 

474. O 

48OO 

486 O 

492 O 

498O 

5040 

516 O 

522 O 

528 O 

5321 

120 



Phe 

Ser 

Lell 

Thir 
3. OS 

Phe 

Arg 

Wall 

Ser 
385 

Glu 

Ala 

Thir 

Ser 
465 

Glu 

Glin 

Pro 

Phe 

Asn 
5.45 

Wall 

Ala 

Ser 

Ser 

Thir 
625 

Wall 

Ser 

Gly 

Pro 

Thir 
29 O 

Luell 

Ser 
37 O 

Ser 

Glu 

Asp 

Ile 

Ala 
450 

Ile 

Ala 

Arg 

Luell 

Ser 
53 O 

Gly 

Pro 

Wall 

Pro 

Ser 
610 

Ala 

Ala 

Arg 

Asp 

Trp 

Arg 

Luell 

His 

His 

Ala 

Cys 
355 

Luell 

Pro 

Ala 

Ala 

Ser 
435 

Asp 

Thir 

Luell 

Gly 

Trp 
515 

Luell 

Phe 

Wall 

Wall 

Pro 
595 

Ser 

Glu 

Glin 

Pro 

Luell 

Cys 
26 O 

Ser 

Ser 

Glu 

Ser 
34 O 

Thir 

Ser 

Glu 

Glin 

Ala 

Phe 

Asn 

Wall 

Thir 

Ser 
SOO 

Ser 

Thir 

Gly 

Ser 

Gly 

Ile 

Ala 

His 

His 

Ile 
660 

Luell 

Lys 

Trp 

Pro 

Glu 

Gly 
3.25 

Ile 

Ala 

Wall 

Asp 

Arg 
4 OS 

Lell 

Ser 

Gly 

Pro 

Phe 
485 

Pro 

Ser 

Glu 

Pro 

Arg 
565 

Asp 

Lell 

Pro 

Ser 

Ser 
645 

Lell 

Glu 

Ala 

Ile 

Glu 

Thir 
310 

Wall 

Ser 

Asp 

Thir 

Lell 
390 

Gly 

Glu 

Lell 

Phe 

Wall 
470 

Glu 

Glin 

Ser 

Gly 

Glin 
550 

Pro 

Lell 

Ser 

Gly 
630 

Asp 

Thir 

Lell 

121 

Ala 

Glin 

Lys 
295 

Glin 

Pro 

Phe 

Asn 

Wall 
375 

Ile 

Ser 

Arg 

Thir 

Gly 
45.5 

Ser 

Gly 

Ile 

Thir 

His 
535 

Arg 

Ile 

Lell 

Trp 

Gly 
615 

Asn 

Thir 

Phe 

His 

Thir 

Wall 

Ala 

Glu 

Luell 

Ser 

Gly 
360 

Pro 

Phe 

Luell 

Arg 

Ala 
44 O 

Pro 

His 

Ala 

Luell 

Pro 

Ser 

Ser 

Luell 

Glu 

Phe 

Gly 

Ile 

Arg 

Met 
265 

Glin 

Luell 

Asp 

Arg 

Luell 
345 

Luell 

Wall 

Glu 

Pro 

Ser 
425 

Glu 

Glin 

Pro 

Thir 

Tyr 
505 

Ser 

Gly 

Glu 

Thir 

Luell 
585 

Glu 

Ser 

Ser 

Ala 
665 

Glu 

Pro 

Ile 

Asn 

Ser 

His 
330 

Thir 

Gly 

Ser 

Gly 

Ile 

Ala 

His 

Arg 

Wall 

Wall 
490 

Glin 

Wall 

Asn 

Wall 

Luell 
st O 

His 

His 

Ala 

Luell 
650 

Pro 

Ala 

His 

Pro 

Phe 

Luell 
315 

Thir 

Ala 

His 

Ala 
395 

Luell 

ASn 

Ser 

Ser 

Luell 

Thir 

Phe 

Gly 

Wall 
555 

Arg 

Glu 

Ser 

Glu 
635 

Ser 

Arg 

Luell 
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Ser Wall Ile 

Ala 

Glu 
3 OO 

Arg 

Ser 

Glu 

Pro 
38O 

Ser 

Gly 

Lys 
460 

Thir 

Lell 

Arg 

Tyr 
54 O 

Ser 

Wall 

Glu 

Asp 

Phe 

Ala 

Wall 

Ala 

Arg 

Ser 
285 

Gly 

Thir 

Wall 

Asn 

Pro 
365 

Wall 

Wall 

Glin 

Ala 

Asn 
445 

Ala 

Lell 

His 

His 

Wall 
525 

Lell 

Pro 

Ala 

Wall 
605 

Asn 

Asn 

Ile 

Glin 

Gly 

27 O 

His 

Thir 

Luell 

Arg 

Ser 
35. O 

Ser 

Luell 

Thir 

Phe 

Gly 
43 O 

Wall 

Ser 

Glu 

Ser 

Thir 

Phe 

Arg 

Pro 
59 O 

Thir 

Luell 

Asn 

Wall 

Ala 
67 O 

Ser 

Ser 

Pro 

Cys 
335 

Gly 

Asn 

Luell 

His 
415 

Gly 

Ser 

Ser 

Glu 
495 

Asp 

Phe 

Ala 

Wall 

Ala 
sts 

Arg 

Luell 

Ser 

Gly 

Pro 
655 

Wall 

Ser 

Asp 

Wall 

Wall 

Arg 

Glu 

Asn 

Ala 

Luell 

His 
4 OO 

His 

Wall 

Luell 

Ala 

Wall 

Met 

Ser 

Asp 

Thir 
560 

Glin 

Gly 

Gly 

Luell 

Luell 
64 O 

Wall 

Wall 

Pro 

122 



Ile 

Ala 
7 Os 

His 

Arg 

Wall 

Lell 

Arg 

Gly 

Wall 

Ala 

Gly 
865 

Pro 

Pro 

Thir 

Ile 

Lell 
945 

Ser 

Arg 

Luell 
69 O. 

Pro 

Ser 

Ser 

Luell 

Glu 
770 

Phe 

Gly 

Ser 

Thir 

Thir 
850 

Ala 

Ala 

Thir 

Asn 

Ile 
93 O 

Arg 

Thir 

675 

Tyr 

Ser 

Gly 

Glu 

Thir 

Luell 

Phe 

Ala 

Luell 
835 

Gly 

Luell 

Ser 

Ala 
915 

Glin 

Asn 

Pro 

Trp 

Gly 

Ile 

Met 
740 

Luell 

His 

His 

Ser 

Glu 

Tyr 

Wall 

Luell 

Asp 

His 
9 OO 

Asn 

Glu 

Wall 

Phe 

Gly 

Tyr 
72 

Wall 

Arg 

Glu 

Lell 
805 

Ala 

Ile 

Ala 

Lell 

Pro 
885 

Asn 

Pro 

Gly 

Ser 
965 

<210s, SEQ ID NO 42 
&211s LENGTH: 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 

16 

42 

ggcacctic cc cittaac 

<21Os 
<211 > 
<212> 
<213> 

< 4 OOs 

gtgcagtgtc. Ctgactgtaa gat Caagt cc aaacctgttt tdgaattgag gaaacttctic 

ttittgatcto agccCttggt ggtc.cagg to tt catgctgc tigtgggtgat attactggit c 

SEQUENCE: 

SEQ ID NO 43 
LENGTH: 
TYPE: DNA 

ORGANISM: Homo sapiens 

2797 

43 

Gly 

Ser 

Thir 

Ala 

Glu 

Asp 
79 O 

Asn 

Asp 

Thir 

Gly 

Tyr 

Ala 

Wall 

Arg 

Ser 
950 

Gly 

123 

His 
695 

Ala 

Lell 

Pro 

Ala 
775 

Wall 

Lell 

Asn 

Gly 

Gly 
855 

Arg 

Pro 

Gly 

Lys 
935 

Pro 

Ser 

Glu 

Ser 

Glu 

Gly 
760 

Luell 

Thir 

Ser 

Gly 

Luell 
84 O 

Luell 

Trp 

Ser 

Ala 

Glu 
92 O 

His 

Ile 

Luell 

Asp 

Phe 

Ala 

Wall 
74. 

Thir 

Arg 

Luell 

Luell 

Luell 
825 

Thir 

Luell 

Luell 

Pro 

Trp 
905 

Asn 

Ala 

Ile 

Phe 

Wall 

Asn 

Asp 
73 O 

Ala 

His 

Gly 

Gly 

Thir 
810 

Gly 

Ala 

Ser 

Ser 

Ser 
890 

Glu 

Wall 

Wall 

Luell 
97O 

Thir 

Luell 

ASn 

Wall 

Ala 

Ser 

ASn 
79. 

Ala 

Ala 

ASn 

Ile 

Arg 

Asp 

Glu 

Wall 

Ala 

Ser 
955 

Ala 
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Lell 
7 OO 

Ser 

Gly 

Pro 

Ala 

Pro 

Arg 

Glu 

Glin 

Arg 

Ala 
860 

Ser 

Lell 

Ser 
94 O 

Glu 

Ser 

685 

Gly 

Lell 

Lell 

Wall 

Wall 
765 

Lell 

Ser 

His 

Arg 

Ser 
845 

Gly 

Ala 

Asp 

Glin 

Ser 
925 

Asp 

Wall 

Ser 

Thir 

Glu 

Ser 
7 O 

Gly 

Ile 

Ser 

Ser 

Ser 
83 O 

Gly 

Luell 

Gly 

Ser 

Pro 
91 O 

Glu 

Pro 

Ala 

Ile 

Thir 

Ala 
73 

Arg 

Asp 

Luell 

Pro 

Gly 
815 

Glu 

Pro 

Ala 

Arg 

Glin 
895 

Wall 

Wall 

Arg 

Wall 

Pro 
97. 

Ser 

Glu 

Glin 

Pro 

Luell 

Tyr 

Ser 

Asn 

Thir 

Phe 

Ala 

Lys 

Glu 

Arg 

His 

Ala 
96.O 

His 

12 O 

124 










